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Studies  of  Rat  Liver  Glyoxalase  I1 


by  ROBERT  A.  STRZINEK2  and  SCOTT  J.  NORTON 

Department  of  Chemistry 

North  Texas  State  University ,  Denton  76201 

ABSTRACT 

Accepted  for  publication:  June  24, 1971. 

Liver  glyoxalase  I  has  been  partially  purified  from  rats  aged  5,  9,  and  12  weeks 
(60-,  68-,  55-fold  purifications,  respectively).  There  is  a  consistent  decrease  in 
enzyme  specific  activity  as  the  age  of  the  rat  increases  (23%  lower  at  age  12  weeks 
as  compared  with  age  5  weeks) .  The  estimated  molecular  weights  as  determined  by 
a  gel  filtration  procedure,  were  found  to  be  similar  (approximately  49,500) .  Treat¬ 
ment  of  the  enzymes  with  guanidine  HC1  had  no  effect  on  the  estimated  molecular 
weights;  however,  the  activity  decreased  approximately  10-12%  with  guanidine 
treatment.  Further,  the  Km  values  for  liver  enzyme  from  the  various  age  groups 
were  similar.  The  significance  of  these  results  in  relation  to  possible  physiological 
roles  of  the  glyoxalase  enzyme  system  is  discussed. 

INTRODUCTION 

Although  the  glyoxalase  enzyme  system  (GES)  has  received  con¬ 
siderable  attention  since  its  discovery  by  Dakin  and  Dudley  (1913) 
and  by  Neuberg  (1913),  the  basic  biological  function  of  this  system 
has  yet  to  be  determined.  One  of  its  substrates,  methylglyoxal,  has 
been  shown  to  be  a  growth  retarder  (Egyud  and  Szent-Gyorgyi,  1966; 
Klamerth,  1968).  From  the  results  of  these  studies,  it  has  been  specu¬ 
lated  that  the  methylglyoxal-glyoxalase  system  may  be  involved  in 
the  control  of  cell  growth  and  division  (Szent-Gyorgyi,  et  aL ,  1967). 
However,  that  this  is  the  biological  role  of  the  GES  remains  to  be 
confirmed. 

In  a  previous  report  (Streineck,  et  al. ,  1970),  we  described  the 
decreased  total  glyoxalase  activity3  in  the  livers  of  mice  bearing  a 

1  This  work  was  supported  in  part  by  Grant  B-133  from  the  Robert  A.  Welch 
Foundation  of  Texas. 

2  Present  address.  NASA-MSC  Division  of  Preventive  Medicine,  DC  1 72  Clinical 
Laboratories,  Houston  77058. 

3  The  enzymes  lactoyl-glutathione  lyase  (glyoxalase  I:  4.4. 1.5)  and  hydroxy- 
acylglutathione  hydrolase  (glyoxalase  II:  3. 1.2. 6)  are  responsible  for  the  “glyoxalase 
reaction”  which  converts  methylglyoxal  to  lactic  acid  in  the  presence  of  reduced 
glutathione. 
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12-day  lymphosarcoma.  It  was  also  observed  that  the  percent  decrease 
from  normal  values  varies  with  respect  to  the  age  of  the  animal. 
Further,  it  was  found  that  the  total  liver  glyoxalase  activity  in  normal 
mice  aged  12  weeks  is  approximately  25%  higher  than  that  of  animals 
aged  7  weeks.  This  indicated  that  possibly  significant  alterations  of  the 
properties  of  the  GES  occurred  as  the  animal  matured.  Since  such 
variations  might  be  expected  if  the  GES  is  indeed  involved  in  regu¬ 
lations  of  cellular  growth  and  division,  significant  changes  in  the 
properties  of  the  GES,  correlated  with  age,  could  indicate  a  role  in 
these  cellular  processes.  It  is  logical  to  postulate  that  these  variations 
can  result  from  changes  in  the  catalytic  properties  and/or  synthesis 
of  glyoxalase  I  and/or  glyoxalase  II  due  to  aging  processes. 

In  other  studies  (unpublished),  we  have  found  a  significant  differ¬ 
ence  in  the  molecular  weights  of  liver  glyoxalase  I  from  normal  and 
tumor-bearing  mice  of  the  same  age.  Differences  in  the  ease  of  dis¬ 
aggregation  of  the  protein  using  guanidine-HCl  were  also  noted.  These 
results  suggest  structural  differences  between  the  normal  liver  and  the 
“tumor”  liver  enzyme.  Such  alterations,  of  course,  could  lead  to  sig¬ 
nificant  differences  in  total  GES  activity  between  normal  and  “tumor” 
liver.  Variations  in  total  liver  GES  activity  between  animals  of  differ¬ 
ent  age  groups  could  be  due  to  similar  structural  alterations  induced 
by  aging  processes. 

Thus,  in  the  study  reported  herein,  efforts  were  made  to  determine 
whether  structural  changes,  as  well  as  quantitative  differences,  in 
liver  glyoxalase  I  are  associated  with  aging  processes.  It  was  decided 
initially  that  liver  glyoxalase  I  derived  from  the  rat  would  be  studied 
in  these  respects.  This  enzyme  has  not  previously  been  purified  from 
rat  liver.  Accordingly,  liver  glyoxalase  I  activity  was  partially  purified 
from  Sprague-Dawley  rats  in  age  groups  of  5,  9,  and  12  weeks.  Certain 
properties  of  the  enzymes  were  studied,  and  correlations  of  these 
properties  with  animal  age  were  made. 

MATERIALS  AND  METHODS 

Animals.  The  animals  used  were  Sprague-Dawley  rats  aged  5,  9, 
and  12  weeks  (±4  days,  Ferguson  Laboratory  Animal  Supply,  Inc., 
Lewisville,  Texas) .  They  were  housed  in  laboratory  cages  and  fed  a 
diet  consisting  of  Purina  laboratory  meal  and  water  ad  libitum. 

Methylglyoxal.  Methylglyoxal  was  obtained  as  a  40%  aqueous 
solution  (Sigma  Chemical  Company,  St.  Louis,  Mo.)  and  was  restan¬ 
dardized  by  the  method  of  Freidemann  (1927). 

Glyoxalase  1  assay.  Glyoxalase  I  activity  was  measured  by  the  pro¬ 
cedure  of  Racker  (1951)  as  modified  by  Davis  and  Williams  (1966). 
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S-Lactoylgluthathione,  the  product  of  the  enzymic  reaction  absorbs 
strongly  at  240  m^  (EM240,  3,370) .  Thus,  the  velocity  of  the  reaction 
may  be  determined  by  the  measurement  of  the  rate  of  change  of 
absorbance  of  the  reaction  mixture  at  this  wavelength.  A  Beckman 
DB-G  recording  double  beam  spectrophotometer  was  used  to  measure 
the  reaction  velocity. 

The  reaction  mixture  consisted  of  the  following:  (1)  2.84  ml  of 
0.10  M  imidazole-HCl,  pH  6.8;  (2)  0.05  ml  of  0.486  M  MgS04;  (3) 
0.10  ml  of  0.400  M  methylglyoxal;  and  (4)  0.10  ml  0.023  M  reduced 
glutathione.  In  experiments  involving  substrate  concentration  effects 
on  the  reaction  velocity,  equimolar  concentrations  of  methylglyoxal 
and  reduced  glutathione  were  used. 

The  reaction  mixtures  were  allowed  to  stand  for  approximately 
25-30  minutes  at  room  temperature  to  insure  maximum  hemimercap- 
tal  formation.  The  reaction  was  initiated  by  the  addition  of  0.10  ml  of 
protein  sample  containing  glyoxalase  I  and  the  rate  of  absorbance 
change  after  one  minute  (A0.  D./min)  was  determined.  The  procedure 
of  Lowry,  et  al.  (1951),  was  used  to  determine  the  protein  concentra¬ 
tion  of  the  enzyme  samples.  Specific  activities  are  expressed  as  ^molar 
units  per  mg  protein  ( /xmoles  S-lactoylgluthathione  formed  per  minute 
per  mg  protein) . 

Partial  purification  of  rat  liver  glyoxalase  /.  The  animals  were 
decapitated  and  the  liver  tissue  was  pooled  and  blended  in  approxi¬ 
mately  600  ml  cold  acetone  in  a  Waring  blender  for  1.5  minutes.  The 
suspension  was  centrifuged  at  2,600  X  g  at  0°  C  for  15  minutes.  The 
pellet  was  dried  between  Whatman  No.  3  filter  papers.  The  resulting 
acetone  powder  was  extracted  in  0.066  M  Na2HP04,  and  the  pro¬ 
cedure  of  Davis  and  Williams  (1969)  was  followed  through  the  first 
acetone  fractionation  of  the  protein.  Purifications  of  approximately 
7-fold  were  obtained  by  this  procedure.  Further  purification  of  gly¬ 
oxalase  I  (55-  to  68-fold)  was  obtained  by  use  of  Sephadex  G-100 
chromatography;  the  method  employed  is  given  below  under  molecu¬ 
lar  weight  estimations.  Purified  preparations  can  be  stored  several 
weeks  at  —20°  C  without  appreciable  losses  of  activity. 

Molecular  weight  estimations.  The  molecular  weights  of  the  en¬ 
zymes  were  estimated  by  a  gel  filtration  procedure  (Determann, 
1968).  The  method  is  based  on  the  linear  relationship  between  the 
elution  volume  (Ve)  to  void  volume  (V0)  ratio  and  the  logarithm  of 
the  molecular  weight  of  proteins.  Molecular  weights  determined  by 
this  procedure  have  been  found  to  be  accurate  to  within  6-8%.  A 
standard  curve  using  Sephadex  G-100  and  ribonuclease  A  (M.W. 
13.600) ,  egg  albumin  (M.W.  =  45,000),  bovine  albumin  (M.W.  — 
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67,000),  and  alcohol  dehydrogenase  (M.W.  =  150,000)  was  prepared 
as  follows:  Sephadex  G-100  was  equilibrated  in  0.050  M  imidazole- 
0.15  M  NaCl-5.0  mM  MgS04  and  packed  to  a  height  of  53  cm  in  a 
Sephadex  laboratory  column.  A  2.0-ml  aliquot  of  each  standard  pro¬ 
tein  (500  jug/ml)  was  added  separately  to  the  column  and  eluted  with 
equilibration  buffer  in  2.6-ml  fractions.  The  protein  concentration  of 
each  fraction  was  determined  (Lowry,  et  al.,  1951).  Ve  was  taken  as 
that  volume  corresponding  to  the  maximum  protein  elution  peak.  V0 
was  determined  after  protein  elution  using  0.10%  Blue  Dextran 
(Pharmacia  Fine  Chemicals,  Piscataway,  N.J.). 

When  protein  samples  containing  glyoxalase  I  activity  were  passed 
through  the  column,  enzyme  assays  as  well  as  protein  determinations 
were  made  on  the  fractions  collected.  The  glyoxalase  I  elution  volumes 
were  taken  as  that  volume  corresponding  to  the  maximum  specific 
activity.  The  void  volumes  were  determined  immediately  after  each 
run.  Also,  approximately  200  ml  of  equilibrating  buffer  was  passed 
through  the  column  before  another  determination  was  begun. 

Effect  of  guanidine  on  the  molecular  weight  and  activity  of  rat  liver 
glyoxalase  I.  A  0.10  ml  aliquot  of  protein  sample  containing  glyoxalase 
I  activity  was  added  to  0.90  ml  of  1.0  M  guanidineHCl,  pH  7.3.  The 
sample,  diluted  1:9  in  glass  distilled  water,  served  as  the  untreated 
control.  Both  samples  were  allowed  to  stand  at  room  temperature  for 
15  minutes  after  which  they  were  assayed  for  glyoxalase  activity. 
Immediately  afterwards,  0.50  ml  of  protein  sample  was  added  to  0.50 
ml  of  1.0  M  (or  3.0  M)  guanidine  HCl,  pH  7.3.  The  mixture  was 
allowed  to  stand  at  room  temperature  for  15  minutes  after  which  it 
was  added  to  the  Sephadex  G-100  chromatographic  column  standard¬ 
ized  for  molecular  weight  estimations.  The  protein  was  eluted,  2.6-ml 
fractions  collected,  and  protein  determinations  and  activity  assays 
were  carried  out.  From  the  Ve/V0  ratio,  the  molecular  weights  of  the 
treated  and  untreated  samples  were  estimated. 


RESULTS  AND  DISCUSSIONS 

As  shown  in  Table  1,  the  amount  of  rat  liver  glyoxalase  I  (total 
number  of  units)  available  to  the  intact  animal  decreases  rather  dra¬ 
matically  with  the  increasing  age  of  the  animal.  The  data  are  presented 
as  the  number  of  enzyme  units  per  100  g  of  body  weight  of  the  rat; 
the  average  weights  varied  from  100  g  for  animals  aged  5  weeks  to 
300  g  for  animals  aged  12  weeks.  The  data  could  well  have  been  pre¬ 
sented  as  the  number  of  units  of  glyoxalase  I  present  per  gram  of 
intact  liver;  however,  the  results  would  have  been  similar.  In  essence, 
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Table  1 

Liver  Glyoxalase  I  Activity  as  a  Function  of  Agea 


Age  of  Rat 

5  weeks 

9  weeks 

12  weeks 

Unitsb  of  Liver  Glyoxalase  I 

per  lOOg  Body  Weight 

450 

300 

230 

a  Glyoxalase  I  activity  was  determined  in  crude  liver  homogenates.  Livers  from  10  rats  aged  5  weeks, 
5  rats  aged  9  weeks,  and  5  rats  aged  12  weeks  were  employed  in  homogenate  preparation.  See  the 
Materials  and  Methods  section  for  the  method  of  assay. 
b  International  Units. 


the  data  suggest  that  there  is  less  active  glyoxalase  I  in  the  livers  of 
older  animals. 

If  the  GES  is  involved  in  cellular  growth  control  processes,  it  might 
be  anticipated  that  the  amount  of  one  or  both  of  the  enzymes  com¬ 
posing  the  GES  would  decrease  as  the  animals  mature.  It  is  both 
interesting  and  puzzling  to  note,  however,  that  in  previous  studies 
with  mice  (Strzinek,  et  aL ,  1970)  the  liver  GES  activity  increases  with 
age.  Although  a  study  of  mouse  liver  glyoxalase  I  activity  as  a  function 
of  age  has  not  yet  been  undertaken,  it  would  appear  that  there  is  an 
opposite  effect  of  age  on  glyoxalase  activity  in  the  mouse  and  in  the 
rat.  Definitive  studies  of  both  liver  glyoxalase  I  and  liver  glyoxalase  II 
in  various  age  groups  of  rats  and  mice  should  be  undertaken  to  sub¬ 
stantiate  this  conclusion. 

Glyoxalase  I  purification  data  are  presented  in  Table  2.  It  is  evident 
that  the  enzyme  from  different  age  groups  fractionates  similarly, 

Table  2 


A  Summary  of  the  Partial  Purification  of  Liver  Glyoxalase  I  from 
Rats  of  Varying  Ages 


Step 

Specific 

Activity1 
5  wks  9  wks 

J 

12  wks 

Total  Units 

5  wks  9  wkl  17  wks 

5  wks 

Yield  (%) 

9  wks  12  wks 

Purification 

factor 

5  wks  9  wks  12  wks 

Na2HP04 

extraction 

0.95 

0.82 

0.76 

4,530 

3,730 

3,470 

Butanol 

Fractionation 

2.62 

2.59 

2.91 

3,190 

3,020 

2,760 

70.5 

81.1 

79.6 

2.75 

3.16  3.82 

Acetone  frac¬ 
tionation  I 

6.42 

5.89 

5.80 

2,070 

1,930 

2,020 

45.8 

51.6 

58.3 

6.75 

7.18  7.63 

Sephadex  G-100 
(most  active 
fraction) 

57.7 

55.8 

42.0 

630 

368 

560 

13.9 

9.9 

16.1 

60.7 

68.1  55.3 

a  The  enzymes  were  purified  by  the  procedure  of  Davis  and  Williams  (1966)  up  to  the  acetone  frac¬ 
tionation  I  stage.  See  Materials  and  Methods  section  for  further  details. 
b  I.  U./mg  protein. 
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Table  3 

Estimated  Molecular  Weights3-  of  Guanidine-Treated  and  Untreated 
Rat  Liver  Glyoxalase  I 


Guanidine «HCL  Treatment 

Enzyme 

Estimated 

Estimated 

Source 

Molecular  Weight 

Molecular  Weight 

Liver  from  rats 

49 ,500b 

5  weeks  of  age 

49,500 

49 ,500c 

Liver  from  rats 

9  weeks  of  age 

49,500 

Liver  from  rats 

12  weeks  of  age 

49,500 

49 , 500c 

a  The  molecular  weights  were  determined  by  a  gel  filtration  procedure  (Determann,  1968).  For  details, 
see  the  Materials  and  Methods  section. 

b  Treatment  with  0.50  M  guanidine.HCL,  pH  7.3  for  15  minutes. 
c  Treatment  with  1.50  M  guanidine °HCL,  pH  7.3  for  25  minutes. 


although  the  percent  yield  values  vary  somewhat  at  the  butanol  frac¬ 
tionation  step.  There  is  an  appreciable  difference  (23%)  between  the 
specific  activities  of  the  enzymes  extracted  in  Na2HP04  from  rats  aged 
5  and  12  weeks.  The  same  ratio  of  0.066  M  Na2P04  to  grams  of  acetone 
powder  (7.5  ml/gram  acetone  powder)  was  used  throughout  the  study, 
which  again  suggests  that  there  is  less  active  glyoxalase  I  in  the  livers 
of  older  animals.  Sephadex  G-100  chromatography  was  employed  for 
both  enzyme  purification  and  molecular  weight  estimation.  Subse¬ 
quent  enzyme  characterization  studies  (e.g.,  pH  optima  and  substrate 
response)  were  conducted  using  the  most  highly  purified  fractions. 

The  effects  of  pH  variations  on  rat  liver  glyoxalase  I  activity  are 
given  in  Figure  1.  The  enzyme  is  seen  to  have  a  rather  broad  pH 
spectrum  which  is  in  agreement  with  previous  work  by  Vince  and 
Wadd  (1969)  and  Racker  (1951)  on  yeast  glyoxalase  I.  It  is  to  be 
noted  that  there  are  no  significant  differences  in  pH  optima  for  liver 
glyoxalase  I  from  rats  of  different  age  groups. 

The  estimated  molecular  weights  of  the  guanidine-treated  and  un¬ 
treated  enzymes  are  given  in  Table  3.  The  molecular  weights  of  each 
enzyme  (untreated)  are  essentially  identical  (approximately  49,500) . 
Treatment  of  these  enzymes  with  0.5  M  or  1.5  M  guanidine  HC1, 
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Fig.  1.  Effect  of  pH  on  rat  liver  glyoxalase  I.  Open  symbols— -rats  aged  5  weeks;  Half- 
closed  symbols— rats  aged  9  weeks;  Closed  symbols— rats  aged  12  weeks.  The  assay  pro¬ 
cedure  is  given  in  the  Materials  and  Methods  section. 


pH  7.3,  decreases  the  specific  activity  only  slightly  (approximately 
10-12%).  However,  in  each  case,  the  molecular  weights  of  the  en¬ 
zymes  are  unaffected  by  the  treatment.  The  KM  values  for  the  liver 
enzymes  from  rats  of  different  age  groups  as  given  in  Figure  2  were 
found  to  be  similar.  Thus,  factors  associated  with  the  affinity  of  liver 
glyoxalase  I  for  substrate  (hemimercaptal)  are  apparently  not  affected 
by  aging  processes. 

The  findings  of  this  investigation  thus  indicate  that  while  the  age  of 
the  animal  is  a  factor  in  the  production  of  glyoxalase  I,  there  are  no 
apparent  qualitative  effects  on  the  protein  molecule  itself.  This  is  in 
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=  2.4  x  I0~4M 
=  2.0  x  I0’4M 

=  2.1  x  I0"4M 


Fig.  2.  Double  reciprocal  plots  for  liver  glyoxalase  I  isolated  from  rats.  Open  symbols — 
rats  aged  5  weeks;  half-closed  symbols — rats  aged  9  weeks;  Closed  symbols— -rats  aged  1  2 
weeks.  The  assay  procedure  is  given  in  detail  in  the  Materials  and  Methods  section.  The 
hemimercaptal  (methylglyoxal-glutathione  adduct)  concentration  was  calculated  assuming 
the  dissociation  constant  of  the  hemimercaptal  to  be  2  mM  (Cliffe  and  Whaley,  1961). 
Regression  analysis  was  used  to  determine  the  best-fit  plots.  MG-GS-hemimercaptal. 


contrast  to  the  effects  of  a  lymphosarcoma  on  the  liver  glyoxalase  I 
of  mice,  in  which  both  production  of  and  qualitative  changes  in 
(molecular  weight  variations)  the  enzyme  were  encountered  (unpub¬ 
lished)  .  Further  studies  are  proposed  in  an  effort  to  elucidate  the  effects 
of  tumors  on  liver  glyoxalase  I  in  the  rat. 
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ABSTRACT 

The  activity  of  methyl  acetate  in  aqueous-dioxane  solutions  relative  to  its  activity 
in  water  solution  has  been  determined  by  use  of  quantitative  vapor-phase  chroma¬ 
tographic  analysis  of  the  solutions’  vapor.  Addition  of  up  to  10%  dioxane  by  volume 
had  little  effect  on  ester  activity  but  the  activity  decreased  rapidly  as  the  concentra¬ 
tion  of  dioxane  was  increased  over  10%. 

INTRODUCTION 

It  has  been  shown  that  the  addition  of  small  amounts  of  dioxane  to 
saponification  reaction  mixtures  increases  the  rate  of  reaction.  (Yager, 
et  al 1969;  Tomilla,  et  al. ,  1952;  Nair  and  Anantakrishnan,  1956). 
A  maximum  reaction  rate  is  observed  at  concentrations  of  about  10% 
dioxane  by  volume  and  the  rate  decreases  significantly  as  the  concen¬ 
tration  of  dioxane  is  increased  further.  In  an  attempt  to  explain  these 
results  in  terms  of  the  activities  of  the  reactants,  relative  activity 
coefficients  of  sodium  hydroxide  in  aqueous-dioxane  have  been  deter¬ 
mined.  (Yager  and  Kuntschik,  1969).  However,  the  results  did  not 
indicate  an  increase  in  hydroxide  activity  until  the  dioxane  concentra¬ 
tion  was  40%  by  volume.  No  effect  was  observed  in  the  10%  dioxane 
region  where  reaction  rates  were  at  a  maximum.  Thus  it  was  decided 
to  determine  the  effect  of  added  dioxane  on  the  activity  of  an  ester  in 
aqueous  solutions. 

The  problem  was  complicated  by  the  ternary  system  of  ester,  water, 
and  dioxane.  The  usual  methods  of  activity  measurement — freezing 
point  depression,  boiling  point  elevation,  and  solution  vapor  pressure 
measurement — are  of  little  value  in  such  a  system.  Harned  and  Ross 
(1941)  reported  activity  coefficients  for  a  similar  ternary  system 
obtained  by  vapor  pressure  measurements.  Their  technique  was  to 
determine  the  vapor  pressure  of  the  binary  solvent  mixture,  add  the 
3rd  component,  and  again  measure  the  vapor  pressure.  The  change  in 
vapor  pressure  was  taken  as  the  vapor  pressure  of  the  3rd  component. 
This  method  would  mask  any  interaction  between  the  components  in 
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which  the  vapor  pressure  of  one  might  be  increased  and  that  of  another 
decreased  since  the  measurement  of  the  total  vapor  pressure  does  not 
indicate  compensating  changes  in  the  contributing  partial  pressures. 

Vapor  phase  chromatography  (VPC)  has  been  used  to  determine 
individual  activities  in  multicomponent  systems  of  paraffins  and  ole¬ 
fins.  (Ogodnikov,  et  al .,  1954).  This  is  possible  because  VPC  separates 
the  components  of  the  vapor  from  the  mixture  and  gives  quantitative 
evaluation  of  the  vapor  composition  by  the  area  under  the  peaks  of  the 
chromatogram.  The  peak  areas  of  each  component  (Area)  must  be 
compared  to  the  peak  area  of  a  standard  concentration  of  that  same 
component  (Area0)  because  detector  response  is  not  necessarily  the 
same  for  all  compounds.  The  peak  areas  are  directly  related  to  the 
partial  pressures  of  the  components  and  thus  can  be  used  to  obtain 
activities,  a,  through  the  relationship 

_  Area  _  p  (1) 

Area0  p0 

p  is  the  partial  pressure  of  component  A  in  a  mixture  and  p°  is  the 
vapor  pressure  of  pure  liquid  A.  When  it  is  not  practical  to  use  pure 
liquid  as  a  standard  because  of  extremely  high  vapor  pressure,  a 
standard  solution  may  be  chosen  as  a  reference  and  activities  relative 
to  this  standard  can  be  calculated. 

In  the  current  study  methyl  acetate  in  water  was  chosen  as  the 
standard  solution  and  the  effect  of  added  dioxane  on  the  vapor  pressure 
of  methyl  acetate  was  determined  by  VPC.  This  information  was  used 
to  calculate  the  activity  of  the  ester  in  these  mixed  solvent  systems 
relative  to  its  activity  in  water,  as/aHoo- 

EXPERIMENTAL 

Solutions  were  prepared  for  VPC  analysis  by  the  addition  of  10  ml 
of  spectral  grade  methyl  acetate  to  the  volume  of  purified  dioxane 
(Weissberger,  1949)  required  for  250  ml  of  a  particular  solvent 
system.  The  solution  was  brought  to  the  250-ml  volumetric  mark  with 
deionized  water.  For  example.  10  ml  of  ester  was  added  to  25  ml  of 
dioxane  in  a  250-ml  volumetric  flask  and  water  was  then  added  to 
prepare  a  10%  dioxane- water  system. 

For  analysis,  each  solution  was  placed  in  a  gas-washing  bottle  and 
equilibrated  in  a  35°  C  constant- temperature  oil  bath.  Helium  was 
bubbled  slowly  through  the  solution  (32  ml/min.)  and  then  was 
passed  to  the  gas-sampling  value  of  an  F  &  M  Model  700  Gas  Chrom¬ 
atograph  and  into  a  gas-sample  loop  of  approximately  5  ml  volume. 
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Fig.  1.  Effect  of  increasing  dioxane  concentration  on  the  relative  activity  of  methyl  ace¬ 
tate  in  aqueous-dioxane  solutions. 


A  6-foot  column,  %  inch  in  diameter  and  packed  with  F  &  M  Poropak 
N,  was  used  to  separate  the  components.  A  thermal  conductivity  detec¬ 
tor  was  used.  Injector  port,  detector,  and  oven  temperature  were  main¬ 
tained  at  225°,  200°,  and  210°  C,  respectively.  The  helium  flow  rate 
through  the  instrument  was  held  at  62  ml/min.  Determinations  on  a 
standard  solution  (methyl  acetate  in  water)  were  made  at  the  begin¬ 
ning  and  end  of  each  day’s  work  as  a  check  for  instrument  fluctuations. 
Several  chromatograms  were  run  on  each  solution  and  peak  areas  for 
methyl  acetate  varied  less  than  3%.  Duplicate  or  triplicate  determi¬ 
nations  were  made  on  each  solvent  system  and  again  agreement  was 
generally  within  3%. 

The  area  under  the  methyl  acetate  peak  of  the  chromatogram  was 
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measured  by  the  triangulation  method  described  by  Gill  and  Tao 
(1967).  The  activity  of  the  methyl  acetate  in  the  various  solvent  sys¬ 
tems  relative  to  its  activity  in  water  were  calculated  from  these  peak 
areas  by  use  of  a  modification  of  equation  ( 1 )  in  which  the  reference 
peak  area  (Area0)  is  that  of  methyl  acetate  in  water. 

RESULTS  AND  DISCUSSION 

The  relative  activities  of  methyl  acetate  in  the  various  aqueous- 
dioxane  solutions  are  presented  in  Table  1  and  shown  graphically  in 
Figure  1 .  Based  on  the  general  notion  that  organic  substances  become 
more  soluble  in  water  solutions  as  organic  solvents  are  added  (and 
hence  have  lower  activity  in  aqueous-organic  solutions  than  in  water) , 
it  should  be  expected  that  the  relative  activity  curve  of  Figure  1  should 
show  a  continual  decrease  as  dioxane  concentration  is  increased.  On 
the  other  hand,  the  increase  in  saponification  rate  constants  caused 
by  addition  of  small  amounts  of  dioxane  might  indicate  that  small 
amounts  of  dioxane  (up  to  10%)  increase  the  activity  of  the  ester.  Par¬ 
ticular  attention  was  given  to  this  area  as  indicated  by  the  data.  The 
results  indicate  that  the  ester  activity  is  essentially  constant  until 
more  than  10%  dioxane  is  added  and  then  the  expected  decrease  oc¬ 
curs.  The  flat  portion  of  the  curve  from  0-10%  dioxane  indicates  some 


Table  1 


Volume  %  Relative  Activity  of 

Dioxane  Methyl  Acetate  (as/aH()0) 


0 

1.00 

1 

1.00 

2 

1.00 

4 

1.00 

5 

0.99 

6 

0.97 

7 

0.98 

9 

0.98 

10 

1.00 

14 

0.88 

20 

0.87 

30 

0.74 

40 

0.64 

50 

0.50 

60 

0.40 

80 

0.26 
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unusual  solvation  phenomena — perhaps  competition  between  dioxane 
and  ester  for  water  of  hydration. 

Thus  the  increase  in  saponification  reaction  rates  caused  by  addi¬ 
tion  of  small  amounts  of  dioxane  cannot  be  explained  by  increased 
activity  of  the  ester  or  sodium  hydroxide  (Yager  &  Kuntschick,  1969) . 
It  appears  that  an  investigation  is  needed  into  solvent  effects  on  the 
energy  of  activation  and  hence  on  the  activity  of  the  transition  state. 
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ABSTRACT 

Jet  aircraft  hydrocarbon  fuel,  JP-4  was  separated  into  6  fractions  by  distillation. 
Each  fraction  was  used  as  oxidizable  substrate  by  a  strain  of  Pseudomonas  aerugi¬ 
nosa  isolated  from  JP-4  fuel  storage  tanks.  While  this  organism  can  oxidize  JP-4 
or  its  distillation  fractions  it  will  not  grow  extensively  in  either  the  whole  fuel  or 
the  fractions. 

INTRODUCTION 

The  ability  of  many  microorganisms  to  utilize  hydrocarbons  as  sole 
sources  of  energy  and  carbon  has  been  known  for  a  long  time.  The 
ability  of  some  microorganisms  to  utilize  hydrocarbon  jet  fuels  has 
been  described  more  recently  by  various  workers  (Edmonds  and 
Cooney,  1967;  Engel,  et  al. ,  1966;  Hazzard,  1963;  Kereluk  and  Raxter, 
1963).  Microorganisms  which  grow  in  jet  aircraft  fuel  systems  cause 
serious  damage  of  various  types  including  metal-surface  pitting,  fuel 
gauge  fouling,  degradation  of  polyurethane  foam  baffling,  and  de¬ 
gradation  of  tank  lining  materials  (Blanchard  and  Goucher,  1967; 
Edmonds  and  Cooney,  1968;  Hedrick,  et  al .,  1968;  Miller,  et  ah ,  1964; 
Prince,  1961).  The  problem  of  microbial  growth  in  jet  aircraft  fuel 
systems  is  one  which  requires  major  consideration  and  also  one  in 
which  only  minor  advances  have  been  achieved. 

In  this  report  we  show  that  Pseudomonas  aeruginosa  is  capable  of 
utilizing  various  constituents  of  a  commonly  used  jet  fuel. 

MATERIALS  AND  METHODS 

Pseudomonas  aeruginosa.  The  organism  used  for  these  studies  was 
isolated  from  JP-4  hydrocarbon  jet  fuel  and  designated  GD/FW 
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B-25.  Cultures  were  maintained  on  Tryptone  Glucose  Extract  Agar 
(Difco) .  It  has  been  previously  established  that  this  organism  does  not 
grow  in  Bushnell-Haas  Mineral  Salts  Medium  (Bushnell  and  Hass, 
1941)  with  JP-4  as  the  sole  carbon  source.  On  the  other  hand,  it  is 
commonly  found  in  mixed  cultures  with  other  bacteria  and  fungi  in 
aircraft  fuel  systems.  All  cultures  of  this  bacterium  were  incubated  at 
30  C. 

Fuel  fractionation.  Approximately  one  liter  of  JP-4  was  placed  in  a 
distillation  flask  with  a  water  cooled  condenser.  The  vapor  tempera¬ 
ture  was  stabilized  at  150  C  and  all  distillate  collected  and  labeled 
Fraction  1.  The  temperature  was  elevated  to  160  C,  that  fraction  col¬ 
lected,  and  so  on  in  increments  of  10C.  The  residue  after  collection  of 
products  volatile  at  190  C  was  labeled  Fraction  6.  These  distillates 
were  kept  in  the  freezer  in  a  nitrogen  atmosphere  until  used. 

Respirometry.  Oxygen  uptake  studies  were  performed  with  the 
Gilson  Differential  respirometer  (Gilson  Medical  Electronics,  Inc., 
Middleton,  Wisconsin) .  Each  flask  contained  2.0  ml  of  starved  cells 
suspended  in  Bushnell-Haas  medium  without  carbon,  1.0  ml  of  the 
hydrocarbon  fraction,  and  0.2  ml  of  20%  KOH  in  the  center  well.  The 
cells  were  continuously  shaken  and  the  incubation  temperature  main¬ 
tained  at  28  C.  No  increase  or  decrease  in  cell  numbers  was  evident 
during  measurement  periods. 

RESULTS  AND  DISCUSSION 

The  results  of  several  experiments  show  that  Pseudomonas  aerugi¬ 
nosa  does  not  increase  in  numbers  significantly  in  any  of  the  distilla¬ 
tion  fractions  tested.  The  number  of  viable  cells  remains  fairly  con¬ 
stant  for  periods  up  to  30  days  indicating  extended  survival  times  or  a 
reproduction  rate  approximately  equal  to  the  death  rate.  Although  the 
number  of  viable  cells  in  each  respirometer  flask  did  not  increase  dur¬ 
ing  the  extended  observation  periods,  oxygen  uptake  was  extensive 
and  indicates  oxidative  metabolic  activity  (Fig.  1).  These  data  also 
indicate  that  the  organism  can  oxidize  the  constituents  of  each  of  the 
distillation  fractions.  It  can  be  inferred  from  these  observations  that 
the  oxidation  of  JP-4  by  P.  aeruginosa  is  the  result  of  a  nonspecific 
oxidative  reaction.  Since  these  bacteria  can  oxidize  various  constituents 
of  the  hydrocarbon  fuel,  in  jet  fuel  systems,  they  probably  utilize 
whichever  fraction  is  more  soluble  in  water.  At  this  point,  there  is  no  | 
reason  for  assuming  that  one  fraction  is  more  easily  oxidized  than  an¬ 
other,  or  that  any  constituent  of  the  jet  fuel  is  either  inhibitory  to  bac¬ 
terial  oxidation  or  bactericidal.  In  view  of  this,  it  can  be  stated  that  the 
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Fig.  1.  Oxygen  uptake  by  Pseudomonas  aeruginosa  as  a  function  of  time.  Curves  repre¬ 
sent  oxygen  consumption  after  correction  for  endogenous  metabolism  and  spontaneous 
oxidation  by  appropriate  controls.  Numbers  represent  the  different  distillation  fractions  of 
JP-4. 

growth  of  P.  aeruginosa  in  jet  fuel  systems  cannot  be  controlled  by 
eliminating  selected  distillation  fractions  of  the  hydrocarbon  fuel. 

The  role  of  bacteria  capable  of  oxidizing  hydrocarbons  is  at  once 
a  hazard  and  a  blessing.  They  create  a  definite  danger  if  allowed  to  ac¬ 
cumulate  in  aircraft  fuel  systems  where  they  can  cause  obstruction  of 
tubing,  malfunction  of  gauges  and  meters,  or  partial  oxidation  of  the 
fuel  itself.  On  the  other  hand,  these  are  probably  the  organisms  which 
degrade  hydrocarbons  in  soil  and  water  and  thereby  prevent  accumu¬ 
lations  which  would  be  toxic  to  man  or  his  plants  and  animals. 
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ABSTRACT 

There  are  controversies  concerning  the  recognition  of  spherosomes  in  electron 
micrographs,  and  the  relationship  between  spherosomes  and  triglyceride  droplets. 
During  maturation  of  Lepidium  virginicum  embryos,  the  spheresomes  exhibited 
morphological  changes.  A  description  of  these  changes  using  both  osmium  and 
KMn04  fixatives  helps  in  the  recognition  of  these  bodies.  A  description,  in  this 
contribution,  of  the  changes  due  to  time  of  fixation  and  the  extent  of  solvent  extrac¬ 
tion  also  aids  in  recognition  of  spherosomes. 

A  micro  centrifugation  method  was  developed  in  which  spherosomes  could  be 
isolated  from  a  small  amount  of  tissue  (about  2  mg)  and  used  for  electron  micro¬ 
scopy  or  chemical  analysis.  Spherosomes  of  L.  virginicum  embryos,  as  seen  in  intact 
cells  or  after  isolation,  morphologically  resembled  bodies  assumed  to  be  the  classical 
spherosomes  of  onion  epidermis. 

Thin  layer  chromatography  showed  that  isolated  spherosomes  of  young  and 
mature  embryos  possess  triglycerides.  The  chloroform  extract  from  unfractionated 
onion  epidermis  contains  slightly  polar  lipids,  probably  triglycerides. 


INTRODUCTION 

There  are  several  controversies  concerning  the  plant  lipid  bodies 
called  spherosomes.  Not  all  authors  are  in  agreement  on  the  histo- 
chemical  staining  properties  of  spherosomes.  Spherosomes  stain  with 
fat  dyes  such  as  Sudan  black  B,  Sudan  III,  rhodamine  B,  Nile  blue  and 
indophenol  blue  (see  Frey-Wyssling,  et  al .,  1963).  Sorkin  and  Sorkin 
(1966)  presented  evidence  that  spherosomes  are  not  stained  by  meth¬ 
ods  for  simple  fats  or  fatty  acids  but  are  stained  by  those  for  phospho¬ 
lipids  (Sudan  black  B) . 

In  the  field  of  electron  microscopy  there  is  disagreement  on  which 
of  the  cytoplasmic  bodies  visible  in  electron  micrographs  represent 
spherosomes  (Hohl,  1960;  Drawert  and  Mix,  1962;  1963;  Peveling, 
1962;  Frey-Wyssling,  et  al.,  1963;  Hanchey,  et  al.,  1968).  There  is  also 
some  question  concerning  the  membrane  of  the  spherosome.  Hohl 
(1960;  1960/61)  reported  that  it  has  a  single  membrane,  while  ac- 
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cording  to  Strugger  (1960)  spherosomes  are  supposed  to  have  a  unit 
membrane.  On  the  other  hand  Drawert  and  Mix  (1962)  reported  that 
these  organelles  do  not  possess  a  visible  membrane.  The  nature  and 
function  of  the  spherosome  is  also  questioned.  Some  authors  (Frey- 
Wyssling,  et  al 1963;  Grieshaber,  1964;  Jacks,  et  al. ,  1967)  think 
that  the  particles  called  spherosomes  are  the  same  as  droplets  of  reserve 
lipid  or  intergrade  with  droplets  of  reserve  lipid.  Others  (Perner,  1953; 
1958;  Sorokin  and  Sorokin,  1966;  Sorkin,  1967)  think  that  sphero¬ 
somes  are  metabolically  active  organelles  that  are  distinct  from  the 
inactive  droplets  of  reserve  lipid. 

On  the  basis  of  electron  microscopic  investigation,  this  study  was 
undertaken  in  an  attempt  to  clear  up  some  of  the  questions  concerning 
the  spherosome. 

MATERIALS  AND  METHODS 

Mature  embryos  and  developing  embryos  of  Lepidium  virginicum 
L.  (pepper  grass)  were  taken  from  plants  grown  indoors  and  from 
wild  plants.  Different  fixing  procedures  were  used  on  individual  em¬ 
bryos;  (1)  fixation  in  unbuffered  2%  KMn04  for  20-60  minutes  at 
25  C,  (2)  fixation  in  1%  0s04  with  a  Phosphate  (P04)  buffer  at  pH 
7.2  at  4  C  for  several  hours,  (3)  fixation  in  6%  glutaraldehyde  with 
P04  buffer  at  pH  7.2  at  4  C  for  several  hours  followed  by  P04  buffered 
rinses  during  a  period  of  2  hours  or  more  and  postfixation  in  1  %  0s04 
at  4  C  for  several  hours,  (4)  fixation  with  glutaraldehyde  as  men¬ 
tioned  above  and  postfixation  in  2%  permanganate  as  in  (1). 

Spherosomes  were  isolated  by  a  modification  of  the  large-volume 
method  of  Jacks,  et  al.  (1967):  For  each  batch,  5  mature  seeds  were 
soaked  in  distilled  water  for  30  minutes.  The  seed  coats  were  removed 
and  the  embryos  placed  in  distilled  water  for  grinding.  The  5  embryos 
weighed  1-2  mg.  The  length  of  the  embryo  including  the  folded  coty¬ 
ledon  was  about  3  mm  and  the  cotyledon  width  was  about  0.7  mm.  The 
grinding  apparatus  was  a  spot  plate  and  a  glass  rod  whose  surfaces  had 
been  roughened  with  a  grinding  compound.  The  brei  of  ground  tissue 
was  placed  in  a  capillary  tube  which  had  an  inside  diameter  of  1.3  to 
1.5  mm.  One  end  was  sealed  by  melting  the  glass  and  the  capillary 
tube  was  then  placed  in  a  clinical  centrifuge  for  3-5  minutes  at  about 
650  X  g.  The  spherosomes  of  this  tissue  rose  to  the  top  of  the  isolating 
medium  in  a  distinct  layer.  This  layer  was  separated  from  the  main 
body  of  the  liquid  below  by  breaking  the  capillary  tube.  The  layer  was 
resuspended  with  a  needle  and  transferred  to  a  clean  capillary  tube 
containing  distilled  water.  Centrifugation  and  resuspension  were  re- 
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peated,  and  the  layer  containing  the  spherosomes  was  transferred  to 
another  tube  filled  with  2%  agar  at  45  C .  Centrifugation  at  45  C  pro¬ 
duced  a  3rd  layer  in  agar*  Upon  cooling,  the  layer  was  cut  into  small 
blocks  ready  for  fixation  by  the  methods  mentioned  previously. 

Spherosomes  were  isolated  from  immature  embryos  by  the  follow¬ 
ing  methods:  For  each  batch  the  maximum  length  and  width  of  im¬ 
mature  embryos  was  about  %  of  that  of  mature  embryos.  Electron 
microscopy  studies  determined  that  embryos  of  this  size  had  a  lower 
concentration  of  spherosomes  and  more  cell  organelles  than  mature 
ones.  The  fruit  containing  embryos  of  this  size  and  all  the  fruits  above 
it  on  the  inflorescence  yielded  20  or  more  immature  embryos.  These 
were  combined  into  one  batch  for  grinding  and  isolation  of  sphero¬ 
somes.  Thus,  there  was  a  wide  range  of  sizes  for  embryos  in  this  isola¬ 
tion  method.  The  spherosomes  were  isolated  and  embedded  in  agar  as 
described  for  mature  embryos. 

After  fixation,  the  tissue  or  isolated  spherosomes  were  serially  de¬ 
hydrated  in  alcohol  and  embedded  in  Maraglas  (74%  w/w  Maraglas 
655,  24%  w/w  Cardolite  NC  513,  2%  w/w  BDMA)  according  to  the 
method  of  Freeman  and  Spurlock  (1962).  Lead  citrate  (Reynolds, 
1963)  and  magnesium  uranyl  acetate  (Frasca  and  Parks,  1965)  were 
used  as  stains  in  some  of  the  sections. 

Lipid  analysis  was  carried  out  by  thin-layer  chromatography.  A 
similar  method  has  been  used  by  Trelease  (1968).  Isolated  sphero¬ 
somes  used  for  lipid  analysis  were  not  transferred  to  agar.  Instead,  the 
2nd  resuspension  was  placed  in  a  small  cone-shaped  vial  and  the  water 
was  removed  by  vacuum  evaporation.  About  0.02-0.05  ml  of  chloro¬ 
form  was  placed  in  the  vial  of  dried  spherosomes  (isolated  from  5  ma¬ 
ture  embryos  or  at  least  20  immature  embryos)  and  left  for  5  minutes. 
All  the  chloroform  extract  was  spotted  on  one  plate.  Chromatography 
of  the  mature  spherosomes  was  repeated  10  times  from  10  separate 
extractions.  Five  plates  of  immature  spherosomes  were  chromato¬ 
graphed  from  5  separate  extractions. 

The  plates  were  prepared  by  forming  a  250  layer  of  Adsorbosil-1 
(silica  gel  with  10%  CaS04)  on  chemically  clean  microscope  slides. 
The  solvent  system  used  for  the  separation  of  the  general  classes  of 
liquids  was  petroleum  ether  (RP  37-48),  diethyl  ether,  and  acetic  acid 
in  the  volume  ratio  of  140:60:3  (Peifer,  1962).  Phospholipids  do  not 
move  with  this  solvent.  The  solvent  used  to  move  the  phospholipids 
was  chloroform,  methanol,  and  water  in  the  volume  ratio  of  80:25:3. 
The  slightly  polar  lipids  move  with  the  solvent  front  with  this  solvent. 
The  solvent  front  was  allowed  to  move  6  cm  before  removing  the  plates 
from  the  chromatograph  chamber.  The  plates  were  sprayed  with  2, 
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7-dichlorofluorescein  which  produced  definite  spots  when  viewed  under 
ultraviolet  radiation.  The  detection  of  phospholipids  was  accomplished 
by  spraying  the  plates  with  a  molybdate  solution  according  to  the 
method  of  Burrows,  et  ah  (1952) . 

Repeated  attempts  to  isolate  spherosomes  from  adaxial  epidermis  of 
onion  ( Allium  cepa  L.)  bulb  scale  failed,  but  the  lipids  from  the  whole 
epidermis  were  analyzed:  About  0.5-0. 6  g  of  adaxial  epidermis  was 
ground  in  a  spot  plate  and  then  flooded  with  chloroform  and  mixed 
for  10  minutes.  The  chloroform  extract  from  each  0.5  g  of  tissue  was 
placed  on  one  plate.  Ten  plates  of  onion  extracts  were  prepared.  Both 
solvent  systems  were  used  on  these  plates.  The  spots  were  detected  by 
the  molybdate  spray  and  charring. 

RESULTS 

The  developmental  changes  in  spherosomes  are  correlated  with 
changes  in  size  and  shape  of  the  whole  embryos  as  seen  in  the  dissec¬ 
tion  microscope.  The  developing  embryos  can  be  categorized  into  3 
stages:  Embryos  in  the  early  stage  are  one  mm  long  and  have  only 
a  slight  curve.  In  the  middle  stage  embryos  are  1.9-2  mm  long  includ¬ 
ing  the  folded  cotyledons.  The  3rd  stage  of  development  is  the  mature 
embryo.  The  results  reported  here  are  based  on  electron  microscope  ob¬ 
servations  of  many  developmental  sequences.  Each  sequence  included 
the  various  stages  of  a  single  inflorescence  from  the  very  youngest  em¬ 
bryo  that  could  be  isolated  to  the  mature  seed.  Inflorescences  from 
many  plants  were  used  in  this  study. 

The  earliest  recognizable  spherosomes  of  immature  embryos  fixed 
with  2%  KMn04  appear  as  distinctly  crenated  or  collapsed  irregularly 
shaped  bodies  which  have  an  electron-dense  rim  surrounding  rela¬ 
tively  dense  contents  (Fig.  1).  After  osmium  fixation,  spherosomes  of 
this  stage  retain  more  of  their  contents  (Fig.  2) .  They  are  not  as  dis- 


Abbreviationss  D-dictyosome,  M-mitochondrion,  N-nucleus,  P-plastid,  PL-plasmalemma, 
RB-round  body,  S-spherosome,  T-t©n©p!ast,  V-vacuoSe,  W-cell  wall. 

Fig.  1.  Star-shaped  ©r  crenated  appearance  after  permanganate  fixation  of  young 
spherosomes  in  cotyledon  cells  ©f  a  1  mm  long  immature  embryo.  GIutaraIdehyde-KMn04. 
X43,500. 

Fig.  2.  Irregularly  shaped  young  spherosomes  after  osmie  fixation  from  similar  cells  as 
in  Fig.  1.  Dense  granules  appear  in  the  central  area  of  the  spherosomes  of  this  particular 
embryo.  GIutaraidehyd@-Os04.  X43,500. 

Fig.  3.  Crenated  or  collapsed  young  spherosomes  isolated  in  agar.  They  appear  as  they 
do  in  the  intact  cells  CFig.  11.  KMrQ4.  X30,600. 

Fig.  4.  Isolated  young  spherosomes  have  the  same  irregular  shape  after  osmium  fixation 
as  those  in  the  intact  tissue  CFig.  21.  OsQ .  X30.60Q. 
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tinctly  crenated  as  those  fixed  with  KMn04  (Fig.  1).  The  sphero- 
somes  isolated  from  the  immature  embryos  have  the  same  apparent 
structure  as  in  intact  tissue  (Fig.  3, 4) . 

Spherosomes  increase  in  size  and  number  with  increasing  maturity 
of  the  embryo  (Fig.  1,  2,  5,  6,  8,  9).  Spherosomes  fixed  with  KMn04 
have  an  electron-permeable  center  encircled  by  a  thin  gray  cortex  and 
an  electron-dense  rim  (Fig.  5,  10) .  The  extent  of  crenation  or  collapse 
of  spherosomes  decreases  with  age  of  the  embryo  (Fig.  1,  5,  8).  They 
tend  to  collapse  since  KMn04  does  not  fix  lipids  which  are  removed 
by  the  solvents  used  in  the  preparation  of  the  specimen.  In  the  younger 
stages  there  are  no  electron-permeable  areas,  so  that  they  appear  as 
dark  star-shaped  bodies  in  the  micrographs  (Fig.  1,3). 

At  the  advanced  stages  of  embryo  development,  including  the  ma¬ 
ture  stage,  spherosomes  are  opaque  and  spherical  or  sometimes  appear 
wrinkled  when  fixed  with  osmic  acid  (Fig.  6,  7,  9).  Some  mature  em¬ 
bryos  were  fixed  in  glutaraldehyde  and  transferred  through  a  graded 
series  of  alcohol  and  finally  to  propylene  oxide  for  several  hours.  The 
tissue  was  transferred  through  decreasing  concentrations  of  alcohol  to 
phosphate  buffer  and  fixed  in  0s04  by  the  methods  previously  de¬ 
scribed.  Other  mature  embryos  were  fixed  in  glutaraldehyde,  postfixed 
in  0s04  and  left  in  a  1:1  mixture  of  propylene  oxide-Maraglas  for  sev¬ 
eral  hours.  Both  of  these  methods  greatly  decreased  the  electron  den¬ 
sity  of  the  spherosomes  (Fig.  13,  14)  as  compared  to  those  which 
propylene  oxide  was  not  used  (Fig.  9) . 

Isolated  spherosomes  of  the  mature  embryo  after  0s04  and  KMn04 
fixation  (Fig.  10,  11,  12)  exhibit  the  same  structure  and  size  as  those 
of  the  unfractionated  tissue  (Fig.  8,  9,  13,  14) .  A  small  amount  of  con¬ 
taminating  material,  not  identifiable  in  the  micrographs,  was  found 
associated  with  the  isolated  spherosomes  (Fig.  12) . 

The  thickness  of  the  cortex  (the  relatively  gray  layer  inside  the 
black  rim)  in  spherosomes  of  mature  embryos  is  dependent  upon  the 
interval  of  fixation  in  KMn04.  The  cortex  is  thicker  after  fixation  in 
2%  KMn04  for  one  hour  (Fig.  11)  than  in  the  same  fixative  for  only 
20  minutes  (Fig.  10).  Osmium  fixation  does  not  produce  a  distinct 
gray  cortex  and  lucent  center,  regardless  of  the  fixation  interval. 


Fig.  5.  Cotyledon  cells  of  a  1.9  mm  immature  embryo.  Permanganate  fixation  of  sphero¬ 
somes  gives  a  clear  central  area,  thin  gray  cortex,  and  electron-dense  rim.  Glutaraldehyde- 
KMn04.  X30,600. 

Fig.  6.  Osmic  fixation  may  give  dense  spherosomes  that  are  almost  spherical  in  cotyledon 
cells  of  a  2  mm  immature  embryo.  GlutaraIdehyde-OsQ4.  X32,400. 

Fig.  7.  Spherosomes  that  are  more  irregular  in  shape  after  osmic  fixation  of  cotyledon 
cells  of  a  1.9  mm  immature  embryo.  Glutaraldehyde-OsQ4.  X30,600. 
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By  the  techniques  of  osmium  fixation  no  structure  was  observed  that 
could  be  interpreted  as  a  morphologically  distinct  membrane  sur¬ 
rounding  the  spherosome  (Fig.  13,  14).  However,  some  kind  of  phase 
boundary  can  be  assumed  to  exist  between  the  lipoidal  spherosome  and 
its  aqueous  surroundings.  After  KMn04  fixation  a  dense  rim  can  be 
seen  around  spherosomes  (Fig.  1 , 3,  5,  1 1 ) .  There  was  no  evidence  that 
uranyl  acetate  increased  the  graularity  of  the  spherosomes  fixed  with 
osmium  (Fig.  14). 

Spherosomes  of  onion  epidermis  cells  fixed  with  KMn04  (Fig.  15) 
and  0s04  (Fig.  17)  have  an  appearance  that  is  very  similar  to  the 
spherosomes  of  L.  virginicum  embryos  (Fig.  5,  7).  The  onion  epi¬ 
dermis  also  revealed  a  uniformly  dense  structure  when  fixed  with 
KMn04  (Fig.  16),  similar  to  a  structure  labeled  “round  body”  by 
Engleman  (1966).  The  dense  contents  indicate  that  this  structure  is 
a  hydrophilic  vacuole  rather  than  a  relatively  nonpolar  spherosome. 

Attempts  were  made  to  isolate  spherosomes  from  the  epidermis  of 
onion  bulb  scales,  since  this  tissue  contains  the  recognized  example  of 
spherosomes.  The  spherosomes  of  this  tissue  appeared  under  the  light 
microscope  to  adhere  to  the  cell  wall  fragments  or  cytoplasmic  material 
after  maceration  and  could  not  be  separated  into  a  distinct  layer  by 
centrifugation. 

In  the  phase  of  the  investigation  involving  chromatographic  analy¬ 
sis,  spherosomes  were  isolated  from  mature  and  immature  embryos 
of  Lepidium  and  chromatographed  with  a  solvent  that  will  move  neu¬ 
tral  lipids  but  not  phospholipids,  as  described  in  Materials  and  Meth¬ 
ods.  The  10  plates  prepared  from  mature  embryos  were  first  viewed 
under  ultraviolet  radiation  without  the  dye.  No  fluorescent  spots  could 
be  seen  on  these  plates.  Then  each  plate  was  sprayed  with  2,  7-dichlor- 
ofluorescein  and  viewed  under  ultraviolet  radiation.  A  bright  yellow 
fluorescent  spot  was  observed  just  below  the  solvent  front.  No  other 
fluorescent  spots  were  visible.  These  spots  had  the  same  Rf  value  as 
samples  of  commercial  coconut  and  maize  oil  (Fig.  18) . 


Fig.  8.  A  mature  cotyledon  cel!  which  shows  a  clear  interior  of  spherosomes  after  per¬ 
manganate  fixation.  Glutaraldehyde-KMn04.  XI  5,900. 

Fig.  9.  Mature  cotyledon  cells  that  show  dense  spherosomes  after  osmium  fixation. 
Glutaraldehyde-Os04.  X36,200. 

Fig.  10.  Isolated  spherosomes  of  mature  embryos.  Notice  the  thin  gray  cortex  inside  the 
electron-dense  rim  after  20  minutes  of  permanganate  fixation.  The  thickness  of  the  cortex 
is  12-38  m/i.  X24,900 

Fig.  1 1.  Isolated  spherosomes  from  the  same  block  of  agar  as  Fig.  10.  Notice  the  increase 
in  the  thickness  of  the  cortex  after  1  hour  of  permanganate  fixation.  The  thickness  of  the 
cortex  is  32—75  m/i.  X36,200. 

Fig.  12.  Isolated  spherosomes  of  mature  embryos.  Glutaraldehyde-Os04.  X30,600. 
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Fig.  13.  Mature  cotyledon  cell  fixed  in  glutaraldehyde,  placed  in  propylene  oxide  for  2 
hours  and  postfixed  in  0s04.  The  spherosomes  are  not  very  dense.  The  plasmalemma  is 
resolved  as  a  unit  membrane,  but  the  spherosomes  are  not  bounded  by  distinct  light  or 
dark  lines.  X94,000. 

Fig.  14.  Mature  cotyledon  cells  fixed  in  Glutaraldehyde,  postfixed  in  0s04  and  left  in 
a  1:1  mixture  of  propylene  oxide-Maraglas  for  several  hours.  The  spherosomes  are  not  very 
dense.  Stained  with  magnesium  uranyl  acetate.  X94,000. 


ELECTRON  MICROSCOPY  AND  LIPID  COMPOSITION 


33 


Spherosomes  isolated  from  immature  embryos  and  chromatograph- 
ically  analyzed  in  the  same  way  were  viewed  under  ultraviolet  radia¬ 
tion  with  no  fluorescein.  A  yellow  fluorescent  spot  could  be  seen  at  the 
point  of  application,  indicatory  of  phospholipids.  These  5  plates,  when 
sprayed  with  fluorescein,  showed  2  fluorescent  spots  under  ultraviolet 
radiation.  One  spot  of  triglyceride  was  seen  just  below  the  solvent 
front  and  another  spot  at  the  origin  (Fig.  18) . 

Chromatographs  from  both  mature  and  immature  embryos  were 
sprayed  with  a  molybdate  solution  and  heated  in  an  oven  at  85C  for 
7  minutes  to  test  for  phospholipids.  The  5  plates  of  spherosomes  from 
immature  embryos  gave  a  faint  spot  at  the  point  of  application  which 
was  too  faint  to  be  called  a  positive  test.  One  plate  of  immature  sphero¬ 
somes  was  developed  in  a  solvent  that  moved  phospholipids.  When 
the  plate  was  sprayed  with  the  molybdate  solution,  the  spot  of  neutral 
lipids  at  the  solvent  front  was  the  only  one  visible.  Possibly  the  trace 
of  phospholipid  at  the  origin  had  been  moved,  but  lost  its  identity  as  a 
distinct  spot.  To  be  sure  that  the  isolating  medium  did  not  cause  the 
faint  spot  at  the  origin,  a  sample  of  the  liquid  below  the  isolated  sphero- 
some  layer  was  spotted  on  a  plate.  The  molybdate  test  gave  negative 
results.  The  10  plates  used  for  mature  spherosomes  gave  no  evidence 
of  any  material  at  the  origin  (Fig.  18). 

Lipid  extracts  of  onion  epidermis  chromatographed  to  separate  the 
general  classes  of  lipids  demonstrated  3  major  spots  below  the  position 
for  triglycerides:  a)  phospholipids  at  the  origin,  b)  less  polar  lipids 
with  Rf  values  close  to  diglycerides,  c)  free  fatty  acids.  The  free  fatty 
acid  and  diglyceride  spots  did  not  match  exactly  with  the  standards  but 
showed  an  overlap.  Therefore,  these  spots  can  be  identified  only  ap¬ 
proximately  with  this  method.  A  faint  spot  in  the  lipids  from  onion  did 
have  the  same  Rf  value  as  the  triglyceride  standard,  and  after  charring 
this  spot  remained  faintly  visible.  Just  below  the  solvent  front  on  the 
chromatogram  was  a  spot,  probably  representing  wax  from  the  cuticle. 
The  size  and  intensity  of  this  nonpolar  spot,  but  not  that  of  the  other 
spots,  could  be  greatly  decreased  by  wiping  the  cuticle  with  benzene 
before  extraction  of  the  lipids  (Fig.  1 8) . 

DISCUSSION 

In  developing  embryos  of  Lepidium ,  the  spherosomes  undergo  mor¬ 
phological  changes  that  are  evident  after  osmium  or  KMn04  fixation. 
A  similar  morphological  development  has  been  reported  in  other 
plants  after  KMnO,  fixation  (Frey-Wyssling,  et  ah,  1963;  Grieshaber, 
1964) .  The  present  study  further  demonstrates  that  the  appearance  of 
spherosomes  after  KMn04  fixation  depends  partly  upon  the  interval 
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Fig.  !  8.  Diagram  ©f  hcromafographs  of  four  sources  of  lipids?  i)  A  composite  diagram  of 
the  spots  produced  by  various  known  lipids  {standards!,  ii)  Lipids  ©f  spherosomes  isolated 
from  immature  embryos  of  L.  virglnkum.  iifl  Lipids  of  spherosomes  isolated  from  immature 
embryos  of  L  virglnkum.  iv)  Lipids  from  extracted  onion  epidermis.  The  solvent  front  is 
depicted  with  a  dashed  line.  The  place  of  application  is  depicted  by  a  dot.  The  known 
lipids  are  crude  phospholipid  {dotted  circle),  diglyeerlde  ID),  free  fatty  acid  {FI,  triglycerides 
CT1.  One  solvent  system  {petroleum  ether,  diethyl  ether  and  acetic  acid)  was  used  to  develop 
these  plates. 

that  the  tissue  is  left  in  the  fixative  (see  also  Engleman,  1966).  Con- 
centration  of  this  fixative  may  be  another  factor  that  influences  the 
appearance  of  spherosomes.  Drawert  and  Mix  (1962)  have  electron 
micrographs  that  show  spherosomes  with  a  completely  dense  stroma 
throughout  the  body  when  fixed  in  5  %  KMn04  for  one  hour. 

Permanganate  fixation  causes  young  spherosomes  to  appear  as 
crenated  or  collapsed  irregularly  shaped  bodies  which  are  not  at  all 
suggestive  of  their  spherical  shape  in  the  living  cell.  Therefore,  a  de¬ 
scription  of  the  morphology  of  lipid  bodies  based  on  this  fixative  alone 
is  not  very  reliable.  Since  osmic  acid  is  more  lipophilic,  it  enhances 


Fig.  15.  Part  of  a  protoplast  of  Allium  cep  a  epidermis  after  permanganate  fixation. 
Notice  that  the  appearance  ©f  the  spherosome  Is  similar  to  that  of  the  immature  embryo 
(Fig.  5)  and  mature  embryo  {Fig.  81.  X 3 2 -100. 

Fig.  16.  A  comparable  view  of  A.  cepa  epidermis.  The  structure  labeled  round  body 
fEngleman  1966)  is  not  electron-lucent  like  the  spherosomes  in  Fig.  15.  KMnQ4.  X32f40O. 

Fig.  IF.  Part  of  a  cell  of  A.  cep®  epidermis  fixed  in  osmium.  The  spherosome  resembles 
that  of  the  immature  embryo  of  Fig.  7.  GSutaraldehyde-Os04.  X32,400. 
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the  reliability  in  determining  the  morphology  of  such  bodies.  But  even 
when  this  fixative  is  employed  the  appearance  can  be  altered:  Sphero- 
somes  of  mature  embryos  that  were  left  in  propylene  oxide  for  several 
hours  before  and  after  postfixation  in  osmium  showed  a  decrease  in 
electron  density  when  compared  to  those  in  which  propylene  oxide  was 
not  used.  This  indicates  that  the  spherosome  lost  a  significant  amount 
of  electron-dense  substance  formed  by  the  interaction  of  the  osmium 
with  the  lipids.  The  time  that  the  tissue  is  left  in  the  osmium  fixative 
is  also  important,  because  spherosomes  left  overnight  (Fig.  12)  were 
more  electron-dense  than  those  left  for  4  hours  (Fig.  4).  Jacks,  et  ah 
(1967)  published  micrographs  that  showed  very  dense  spherosomes 
after  overnight  fixation  in  0s04. 

Grieshaber  (1964)  reported  that  granularity  in  spherosomes  is  in¬ 
creased  with  uranyl  acetate  stain.  The  present  study  gave  no  evidence 
that  granularity  is  increased  with  this  stain.  Sorokin  and  Sorokin 
(1966)  reported  that  spherosomes  may  have  a  dense  cortex  and  light 
center  when  fixed  with  osmium.  There  was  no  evidence  of  such  a 
cortex  in  our  study  of  osmium  fixed  preparations. 

In  the  isolation  methods  which  concentrated  them,  the  spherosomes 
remained  as  distinct  entities  of  the  same  diameter  with  little  or  no 
coalescence.  Although  no  unit  membrane  could  be  seen  around  the 
spherosome,  in  all  cases  of  KMn04  fixation  and  in  some  cases  of  os¬ 
mium  fixation,  the  rim  appeared  more  electron-dense  than  the  interior 
of  the  spherosome.  This  indicates  the  presence  of  some  type  of  molecu¬ 
lar  orientation  or  concentration  at  the  phase  boundary  of  the  sphero¬ 
some,  if  not  a  true  unit  membrane.  On  a  macro  scale,  Jacks,  et  al. 
(1967)  isolated  spherosomes  from  the  cotyledons  of  germinating  pea¬ 
nuts.  Chemical  analysis  of  the  spherosomes  indicated  that  the  amounts 
of  protein  and  phospholipid  detected  were  sufficient  to  account  for 
limiting  membranes.  Chromatography  did  not  reveal  phospholipids  in 
isolated  spherosomes  of  mature  embryos  in  the  present  work,  but  this 
method  may  not  be  as  sensitive  as  the  analytical  method  of  Jacks,  et  al. 
(1967) .  As  mentioned  in  the  introduction,  the  presence  of  a  true  mor¬ 
phological  membrane  around  spherosomes  is  debatable. 

Sorokin  and  Sorokin  (1966)  argue  that  the  onion  epidermis  stores 
glycogen,  but  little  oil,  and  therefore  the  spherosomes  do  not  store 
fat.  However,  thin  layer  chromatography  shows  that  the  onion  epi¬ 
dermis  has  slightly  polar  lipids,  some  of  which  probably  are  trigly¬ 
cerides.  The  opinion  that  spherosomes  are  not  simply  fat  droplets  has 
been  expressed  also  by  Jarosch  ( 1 960) ;  Steiner  and  Heinemann  ( 1 954) 
and  Grieshaber  (1964).  According  to  the  present  research,  the  fat 
storage  particles  of  seeds  vary  in  appearance  depending  upon  age  of 
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the  embryo,  but  always  triglycerides  predominate  in  the  lipid  extracts 
of  them.  In  onion,  lipids  were  extracted  from  the  whole  epidermis,  but 
further  analysis  has  been  limited  by  inability  to  isolate  the  sphero- 
somes  that  can  be  seen  in  the  cells  with  the  light  microscope.  Electron 
micrographs  of  onion  epidermis  contain  2  kinds  of  particles  that  pos¬ 
sibly  could  be  identical  to  the  spherosomes  seen  in  the  light  micro¬ 
scope.  These  are  labeled  S  in  Fig.  15  and  RB  in  Fig.  16.  The  present 
research  does  not  lead  to  firm  conclusions  about  the  nature  of  sphero¬ 
somes  in  onion,  but  the  particle  with  electron-lucent  center  after  per¬ 
manganate  fixation  has  been  identified  tentatively  as  the  spherosome 
well  known  by  light  microscopy  on  the  basis  of  the  following  logical 
steps:  a)  The  spherosome  identified  by  light  microscopy  probably  is 
richer  in  lipids  than  other  organelles  in  the  onion  epidermis  because 
of  its  refractivity  and  staining  reactions  (see  Sorokin  and  Sorokin, 
1966).  b)  The  triglyceride  storage  particles  of  developing  and  mature 
embryos  have  a  light  center  and  dense  rim  in  the  electron  microscope 
after  permanganate  fixation  (Jacks,  et  al.,  1967;  this  paper) .  The  light 
center  would  be  expected  because  the  ionic  permanganate  would  have 
difficulty  penetrating  a  nonpolar  lipid  phase,  c)  Therefore  in  the  elec¬ 
tron  microscope,  the  spherosome  would  more  likely  have  the  structure 
of  the  particle  labeled  S  (Fig.  15)  than  the  structure  of  the  particle 
labeled  RB  (Fig.  16).  Whether  this  identification  is  correct  or  not, 
evidence  seems  to  be  lacking  that  the  sperosomes  of  onion  epidermis 
and  the  fat-storage  particles  of  embryos  are  fundamentally  different. 
The  opinion  that  spherosomes  are  for  fat  storage  or  are  precursors  for 
fat  droplets  has  been  adopted  by  Frey-Wyssling,  et  al.  (1963) ;  Gries- 
haber  (1964)  and  Jacks,  et  al.  (1967). 

The  origin  of  spherosomes  was  not  determined  in  this  work.  In  par¬ 
ticular,  no  special  association  with  endoplasmic  reticulum  was  ob¬ 
served  as  has  been  reported  by  other  authors  (Frey-Wyssling,  et  al., 
1963;  Grieshaber,  1964). 
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Partition  of  Space  Among  Colonies  of  the  Fire  Ant, 
Solenopsis  saevissima .  1.  SPATIAL  ARRANGEMENT 
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ABSTRACT 

The  spatial  arrangement  of  541  colonies  of  the  fire  ant,  Solenopsis  saevissima ,  was 
examined  in  a  4.32  ha  portion  of  a  32  ha  field  near  Houston,  Texas.  Using  a  nearest 
neighbor  analysis  it  was  determined  that  the  uniform  pattern  observed  departed  in 
a  highly  significant  fashion  from  random  expectation.  Possible  reasons  for  the 
observed  distribution  are  discussed  as  well  as  some  aspects  of  the  natural  history  of 
fire  ants  in  this  region. 


INTRODUCTION 

The  spatial  pattern  exhibited  by  a  population  of  organisms  is  a 
fundamental  characteristic  of  that  population  (Clark  and  Evans, 
1954) .  Spatial  patterns  also  serve  to  indicate  what  types  of  interactions 
are  most  likely  to  be  of  importance  to  a  given  population.  Given  that  a 
certain  type  of  pattern  is  exhibited  by  a  population,  it  is  only  natural 
to  ask  the  following  questions:  Why  does  the  population  exhibit  the 
observed  pattern  and  how  does  it  manage  to  achieve  and  maintain  that 
pattern?  If  we  can  answer  the  above  questions  we  would  be  well  on  our 
way  to  getting  at  some  fundamental  answers  regarding  the  distribu¬ 
tion  and  abundance  of  animals. 

The  fire  ant,  Solenopsis  saevissima  (F.),  presents  itself  as  an  ex¬ 
tremely  interesting  animal  for  study  in  the  East  Texas  region.  Large 
areas  are  densely  colonized  by  this  species,  thus  offering  an  almost 
ideal  natural  laboratory.  Aside  from  the  questions  concerning  the  basic 
biology  of  animals  in  general  and  ants  in  specific,  the  fire  ant  is  con¬ 
sidered  by  some  to  be  a  pest  species  of  major  importance  (USD A  pam¬ 
phlet,  1968;  Thomas,  1968;  Bellinger,  et  ah,  1965).  Considering  the 
latter,  relatively  little  is  known  of  the  basic  biology  of  this  species  in 
this  country. 

It  was  the  purpose  of  this  study  to  determine  the  nature  of  the  dis¬ 
tributional  pattern  exhibited  by  the  fire  ant  as  well  as  to  attempt  to 
answer  some  of  the  more  interesting  questions  of  how  the  observed 
pattern  is  achieved  and  maintained. 

Accepted  for  publication:  June  23,  1971. 

The  Texas  Journal  of  Science,  Vol.  XXIV,  No.  1,  July,  1972. 


40 


THE  TEXAS  JOURNAL  OF  SCIENCE 


This  work  was  supported  by  the  National  Science  Foundation  on 
Grant  GB  6785  and  by  the  Rice  University  Research  Sponsors.  I  wish 
to  thank  Mr.  A1  Novosad  and  the  R.  E.  Smith  Ranch  for  access  to  the 
study  area. 


METHODS 

This  study  was  carried  out  in  a  4.32  ha  portion  of  a  32  ha  field 
(henceforth  referred  to  as  Smith  Field)  located  about  10  miles  west 
of  the  Rice  University  Campus  in  Houston,  Texas.  During  the  time  of 
the  study  the  field  was  used  as  a  pasture  for  about  50  cattle.  According 
to  local  observers  the  fire  ant  infestation  in  the  field  was  less  than  5 
years  old  when  this  study  was  begun  (August,  1968),  but  no  well 
documented  age  for  the  infestation  could  be  established. 

In  August,  1968,  with  the  aid  of  a  transit,  a  120  m  by  360  m  portion 
of  Smith  Field  was  divided  into  192  15m  by  15m  squares.  The  corners 
of  the  squares  were  marked  with  5  ft  lengths  of  2  by  2  inch  posts  driven 
about  2  ft  into  the  ground.  A  coordinate  system  of  numbers  and  letters 
was  used  to  identify  each  of  the  192  squares  in  this  system.  Within 
each  square  the  location  of  each  fire  ant  colony  was  marked  with  a 
10  inch  wood  pot  label.  After  all  colonies  were  marked,  the  distance 
of  each  from  2  adjacent  grid  markers  was  measured  to  the  nearest  cen¬ 
timeter.  In  the  above  fashion  the  exact  location  of  each  fire  ant  colony 
within  the  study  area  was  determined. 

The  above  information  was  translated  onto  a  reduced  scale  map  of 
the  study  area.  Once  the  map  was  complete  the  distance  of  each  colony 
to  its  nearest  neighbor  colony  was  determined  to  the  nearest  centimeter 
using  a  pair  of  dividers.  For  the  purpose  of  nearest  neighbor  determi¬ 
nations,  the  locations  of  colonies  along  the  perimeter  of  the  study  area 
also  were  noted.  Following  the  methods  of  Clark  and  Evans  (1954) 
a  nearest  neighbor  analysis  was  carried  out  on  the  above  data. 

RESULTS  AND  DISCUSSION 

Figure  1  shows  the  distribution  of  the  541  fire  ant  colonies  found  in 
the  4.32  ha  study  area  in  Smith  Field.  The  observed  mean  distance  to 
nearest  neighbor  (rA)  was  5.90  m.  The  expected  mean  distance  to 
nearest  neighbor  (rE)  was  4.47  m.  Thus  the  ratio  of  observed  to  ex¬ 
pected  mean  distance  to  nearest  neighbor  (R  =  rA  /  rB)  was  1.32.  This 
value  represents  a  highly  significant  departure  from  random  expecta¬ 
tion  (P  <  .01).  A  value  for  R  of  1.0  would  be  expected  if  the  distribu¬ 
tion  were  random.  R  values  of  less  than  1.0  would  expected  if  the  dis¬ 
tribution  were  clumped  and  R  values  greater  than  1.0  would  be  ex¬ 
pected  if  the  distribution  were  uniform  or  regular. 
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Fig.  1.  The  distribution  of  541  colonies  of  the  fire  ant,  Solenopsis  saevissima  in  a  4.32 
ha  portion  of  Smith  Field. 


The  phenomenon  of  non-random  spacing  of  ant  colonies  has  been 
reported  before  for  other  ant  species  (for  example:  Brian,  1956,  1965; 
Pontin,  1961 ;  Waloff  and  Blackith,  1962;  Wilson,  1959),  and  there  ap¬ 
pears  to  be  a  general  consensus  among  workers  that  the  responsible 
agent  for  the  observed  non-random  spacing  is  competition  for  food 
and/or  space. 

Competition  for  food  and/or  space  seems  to  be  a  reasonable  first 
explanation  to  account  for  the  highly  regular  spatial  pattern  exhibited 
by  the  fire  ant.  Each  colony  may  harbor  several  hundred  thousand 
individuals  and  while  the  energy  requirements  for  this  many  ants  may 
not  be  large  (Golley  and  Gentry,  1964),  it  appears  that  in  this  region 
at  least,  at  various  times  of  the  year  food  resources  could  be  in  short 
supply.  But  while  a  great  deal  is  known  about  the  foraging  behavior  of 
the  fire  ant  (Wilson,  1962a,  1962b,  1962c),  little  is  known  about  what 
the  ant  is  foraging  for.  Observations  in  Smith  Field  and  several  other 
areas  in  the  vicinity  of  Houston,  Texas,  indicate  that  the  ant  does  not 
normally  gather  seeds,  tend  aphids,  or  actively  prey  on  the  insects  and 
gastropods  which  abound  in  these  areas.  Also  it  is  not  known  how 
much  food  is  gathered  from  below  the  surface  of  the  ground.  Although 
as  the  ants  extend  and  repair  their  extensive  underground  tunnel  net¬ 
works  they  certainly  must  encounter  dormant  and  semi-dormant  arth¬ 
ropod  soil  forms.  That  the  ants  are  quick  to  take  advantage  of  unex¬ 
pected  food  sources — from  a  discarded  peanut  butter  and  jelly  sand¬ 
wich  to  a  fallen  bird — might  be  considered  indicative  of  a  situation 
where  less  than  a  superabundance  of  food  is  the  rule. 

Another  observation  which  is  important  in  any  discussion  of  spac¬ 
ing  is  that  the  arrangement  of  fire  ant  colonies  in  space  is  not  a  static 
thing.  Over  the  course  of  time,  individual  colonies  have  a  tendency  to 
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alter  their  locations.  The  distribution  shown  in  Figure  1  was  not  the 
same  as  that  observed  6  months  later  and  almost  certainly  had  not 
been  6  months  before.  Individual  ant  colonies  have  been  observed  to 
move  as  much  as  75  m  over  a  2  or  3  day  interval.  Often  the  reason 
for  a  move  is  simple:  temporary  standing  water  due  to  a  period  of 
heavy  rain  or  harassment  by  mechanical  or  chemical  means.  But  just 
as  often  there  is  no  apparent  reason  for  a  colony’s  movement.  A  com¬ 
mon  observation  in  Smith  Field  was  that  of  an  abandoned  colony 
mound  in  one  part  of  a  quadrat  and  a  fresh  colony  mound  in  an¬ 
other.  So  not  only  do  the  ants  have  some  means  of  achieving  a  highly 
regular  spatial  pattern,  they  also  are  capable  of  handling  recurrent 
perturbations. 

The  factors  which  operate  above  must  also  be  of  importance  when 
a  new  area  is  invaded  by  this  ant.  We  have  to  consider  the  fate  of  not 
just  a  few  hundred  per  hectare  but  literally  thousands  or  tens  of  thou¬ 
sands  per  hectare.  For  example,  during  a  single  mating  flight  in  July, 
1969;  over  500  female  S.  saevissima  were  gathered  in  about  45  minutes 
from  a  narrow  dirt  road  along  the  edge  of  Smith  Field — and  the  limit¬ 
ing  factor  here  was  time  and  hands,  and  not  the  supply  of  ants.  Thus 
we  might  expect  intensive  competition  among  fire  ants  at  the  earliest 
stages  of  an  invasion. 

Yet  another  observation  which  appears  to  have  some  meaning  in 
terms  of  the  pattern  of  fire  ant  colonies  in  space  is  that  the  establish¬ 
ment  of  new  colonies  in  an  area  like  Smith  Field  is  a  highly  unlikely 
event.  This  observation  was  facilitated  by  the  fact  that  in  Smith  Field 
all  of  the  fire  ant  colony  mounds  were  about  30  to  45  cm  high  and  regu¬ 
larly  spaced.  No  evidence  of  new  colonization  was  ever  found. 
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ABSTRACT 

Excavations  and  surveys  made  between  1960  and  1967  in  Coahuila  and  Nuevo 
Leon  indicate  definite  evidence  of  human  occupations  between  8,000  and  6,000  B.C., 
and  from  3,000  B.C.  to  the  present.  The  significant  gap  in  the  record  occurs  in  a 
period  that  roughly  coincides  with  the  Altithermal  (in  climatic  terms),  or  Early 
Archaic  (in  cultural  terms).  It  is  suggested  that  the  valleys  of  the  eastern  edge  of 
the  Sierra  Madre,  Early  Archaic  occupations  may  have  been  washed  away  by  flood¬ 
ing  that  took  place  during  the  Altithermal.  East  of  the  Sierra  Madre,  the  absence  of 
stratified  sites  of  any  kind  makes  the  archaeology  more  difficult.  At  this  writing  we 
do  not  know  whether  the  absence  of  an  Early  Archaic  results  from  the  lack  of  diag¬ 
nostic  time — culture  markers  or  from  the  relative  scarcity  of  human  occupations 
during  this  period. 

INTRODUCTION 

Tamaulipas,  Nuevo  Leon,  and  Coahuila  comprise  the  3  states  of 
northeastern  Mexico.  Running  from  northwest  to  southeast  through 
tha  middle  of  this  vast  region  is  the  Sierra  Madre  Oriental  which  cuts 
northeastern  Mexico  into  3  natural  regions.  The  land  lying  east  of  the 
Sierra  Madre  is  known  as  the  coastal  plain,  and  rises  from  sea  level  in 
the  east  to  a  general  altitude  of  500  meters  close  to  the  base  of  the 
mountains.  West  of  the  mountains  is  the  central  plateau,  which  has  an 
altitude  ranging  between  1,500  and  2,000  meters.  The  mountains 
themselves,  which  form  the  eastern  escarpment  are  deeply  folded, 
rugged,  and  high.  Cerro  Potosi,  the  highest  peak  in  Nuevo  Leon,  has 
an  altitude  of  3,800  meters,  while  several  other  peaks  in  that  state 
range  between  3,000  and  3,500  meters  in  height.  This  varied  topogra¬ 
phy  is  associated  with  variations  in  rainfall,  drainage,  soil  type,  tem¬ 
perature.  and  vegetation.  In  Nuevo  Leon,  8  different  vegetation  types 
have  been  recognized  which  vary  from  “Alpine  meadow  and  timber- 
line”  to  “Eastern  coastal  plainscrub”  (Muller,  1939).  Almost  surely 
these  variations  in  flora  and  climate  were  recognized  and  appreciated 
by  pre-Columbian  man  in  northeastern  Mexico  as  they  are  today. 
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During  the  summer  of  1960,  and  the  5 -year  period  between  June 
1962  and  May  1967,  the  Department  of  Anthropology  of  The  Univer¬ 
sity  of  Texas  carried  out  a  program  of  archaeological  research  in 
Northeastern  Mexico.  This  work  was  made  possible  by  generous  grants 
from  the  National  Science  Foundation,  the  Graduate  School  and  the 
Institute  of  Latin  American  Studies  of  The  University  of  Texas,  and 
by  the  Fulbright  Hays  Committee. 

As  a  result  of  this  program  5  major  excavations  were  made,  as  well 
as  a  series  of  minor  ones.  In  addition,  surface  surveys  were  carried  out 
in  the  lowlands  east  of  the  Sierra  Madre  Oriental,  and  in  the  highlands 
between  Monterrey  and  Torreon.  A  program  of  test  pitting  was  also 
done  in  a  series  of  small  rock  shelters  in  the  valley  of  the  Rio  Pilon, 
between  Montemorelos  and  Casillas,  Nuevo  Leon,  and  in  the  Santa 
Rosa  Valley  between  Linares  and  Itubide.  Personnel  who  contributed 
to  these  excavations  were  graduate  and  undergraduate  students  in  the 
Department  of  Anthropology  of  The  University  of  Texas,  and  included 
Rurney  B.  McClurkan,  Glen  Greene,  Roger  Nance,  Dudley  M.  Varner, 
Harald  Jensen,  William  Irwin,  Lorraine  Heartfield,  and  Ronald 
Ralph. 

The  results  of  our  Northeast  Mexico  Archaeological  Project  are  far 
from  spectacular.  Only  one  site,  La  Calzada,  produced  what  is  appar¬ 
ently  a  long  stratified  sequence  which  began  about  8000  b.c.  Two  of 
our  rock  shelters  had  stratified  material  beginning  only  2,500  or  3,000 
b.c.,  and  in  many  of  our  excavations  there  was  no  cultural  stratigraphy 
of  any  kind.  By  combining  our  surface  survey  and  excavation  data  it  is 
possible  to  reconstruct  the  major  outlines  of  culture  history  in  our  area, 
and  relate  it  to  what  has  been  found  elsewhere,  but  we  do  not  see  cul¬ 
ture  history  in  terms  of  a  long  sequence  of  neatly  distinguishable 
phases  or  periods.  There  are  gaps  in  the  record.  The  major  one,  which 
occurs  between  the  end  of  the  Pleistocene  and  the  end  of  the  Alti- 
thermal,  is  the  subject  of  this  paper. 

OPEN  SITES  IN  THE  LOWLANDS 

Although  remains  of  prehistoric  human  activity  are  relatively  easy 
to  find  in  northeastern  Mexico,  rock  shelters  with  long  sequences  of 
undisturbed  deposits  are  relatively  rare.  Where  there  are  dry  caves, 
the  deposits  have  often  been  completely  removed  by  guano  hunters. 
Certainly  looting,  whether  for  guano  or  for  artifacts,  is  a  prime  reason 
why  formerly  deep  deposits  are  now  rare,  but  also  there  are  apparently 
fewer  shelters  in  Nuevo  Leon  and  Coahuila  than  elsewhere.  As  a  re¬ 
sult,  much  of  our  research  was  directed  to  obtaining  information  from 
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open  sites.  Open  sites  are  easily  recognized  by  concentrations  of  burned 
rock  which  litter  the  surface  of  occupation  areas.  Most  arroyos  with 
running  water  are  lined  on  both  sides  with  burned  rock  fragments  that 
occur  in  stretches  of  5,  10,  or  more  kilometers  in  length.  Usually  the 
rocks,  which  are  fire  cracked  river  gravels,  are  thinly  scattered  over 
the  surface,  but  occasionally  we  find  circular  concentrations  of  stone, 
seldom  more  than  3  feet  in  diameter,  that  appeared  to  be  individual 
hearths.  In  the  few  cases  where  charcoal  was  preserved,  these  hearths 
turned  out  to  be  very  recent  (Varner,  1968).  Although  the  hearths 
were  recent,  the  variety  of  projectile  points  found  indicate  that  various 
time  periods  extending  backwards  in  time  for  many  millenia  were 
represented  in  the  total  accumulation. 

The  presence  of  a  mixture  of  recent  as  well  as  older  material  on  the 
surface  of  the  arroyo  banks  indicates  that  in  these  areas  the  major 
forces  have  been  erosional,  rather  than  depositional  in  nature.  There 
is  no  evidence  that  any  of  these  sites  have  ever  been  covered.  In  the  5 
years  of  our  work,  we  did  not  find  one  example  of  buried,  culturally 
stratified  material  in  an  arroyo.  The  only  exception,  if  it  may  be  called 
that,  was  in  the  arroyo  Ayancual,  where  we  did  find  charcoal  and 
small  flint  fragments  at  the  bottom  of  the  arroyo  16  feet  below  the 
surface,  above  which  were  stratified  soil  zones,  containing  flint  and 
bone.  The  charcoal  and  shell  produced  2  dates  of  500  years  ago  (De- 
Vaard — personal  communication),  indicating  that  the  only  “stratified 
and  buried”  deposits  we  have  from  arroyo  banks  in  Nuevo  Leon  is 
very  recent. 

In  addition  to  sites  near  arroyos,  there  are  a  number  of  localities 
where  material  is  found  far  from  present  water  sources.  A  number  of 
these  sites  contain  assemblages  of  pebble  choppers,  thick  heavy  bifaces 
and  unifaces,  and  large  crude  flakes  which  are  often  so  heavily  pati- 
nated  that  they  seem  to  be  of  great  age.  These  recall  what  some  have 
named  the  “pre-projectile  point  stage”  (Kreiger,  1964).  While  some 
sites  do  lack  projectile  points  that  may  date  them,  others  have  quite  a 
few,  and  in  these  instances  it  would  seem  that  they  may  be  as  old  as 
7,000  B.C. 


THE  SAN  ISIDRO  SITE 

At  present,  the  only  sure  evidence  we  have  on  such  heavy  tool 
industries  comes  from  the  San  Isidro  Site,  an  extensive  open  site  located 
about  40  kilometers  east  of  Monterrey,  just  off  the  Monterrey-Reynosa 
highway.  When  this  site  was  discovered  in  1960  (Epstein,  1961),  the 
site  contained  well  over  60  relatively  intact  hearths,  as  well  as  a  num- 
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ber  of  areas  of  scattered  burned  rock,  all  exposed  on  the  surface.  A 
shallow  wash  running  through  the  site  showed  both  hearths  and  heavy 
artifacts  eroding  from  an  area  approximately  6  inches  below  the 
present  surface.  Surface  collections  from  this  site  included  4  Plainview 
points  (Epstein,  1961),  1  Lerma,  and  a  very  extensive  collection  of 
percussion  bifaces  and  pebble  tools.  We  returned  to  excavate  this 
immediate  area  in  1 962,  as  part  of  our  archaeological  field  course,  but 
unfortunately  our  extensive  excavations  produced  only  random  flakes 
and  a  single  pebble  tool.  Coupled  with  our  excavations,  however,  was 
a  program  of  surface  mapping  and  collecting,  which  inter  alia  yielded 
10  other  Plainview  points,  a  few  more  Lerma,  as  well  as  more  recent 
point  types. 

Our  work  at  San  Isidro  produced  essentially  2  kinds  of  information 
(Epstein,  1969) .  Because  artifact  types  were  differentially  distributed 
over  the  site,  we  were  able  to  obtain  a  chronology  of  culture  history 
at  the  site,  based  on  or  keyed  to  dated  projectile  point  types.  The 
excavations  themselves  yielded  no  artifact  chronology,  nor  did  they 
give  us  carbon  for  dating;  nor  was  there  pollen  for  ecological  consider¬ 
ations.  The  surface  material  suggested  essentially  a  3-part  chronology. 
Starting  with  the  earliest,  which  is  perhaps  the  most  suspect,  they  are 
here  called  occupations  1,  2,  and  3. 

Occupation  1 :  is  based  on  the  fact  that  there  are  portions  of  the  site  containing  only 
heavy  pebble  tools,  most  of  which  are  deeply  patinated.  These  artifacts  are 
found  throughout  the  site.  In  some  cases,  where  pebble  tools  are  in  surface  asso¬ 
ciation  with  later  projectile  points  forms,  they  were  re-used,  as  indicated  by 
more  recent  or  less  patinated  flake  scars  occurring  over  older  ones.  Occupation  1 
is  thought  to  be  a  culture  composed  primarily  of  heavy  artifacts,  but  since  some 
bifacial  thinning  flakes  have  been  found  even  with  pure  pebble  tool  assemblages, 
it  is  assumed  that  small  quantities  of  artifacts  that  are  either  called  knives  or 
projectile  points  were  made.  Since  this  occupation  is  believed  to  contain  such 
thinned  bifaces,  it  is  not  similar  to  Krieger’s  (1964)  pre-projectile  point  culture. 
Occupation  2:  is  viewed  as  a  heavy  artifact  industry  such  as  found  in  Occupation  1, 
but  marked  by  the  addition  of  Plainview  golondrina  and  Lerma  points,  and 
Clear  Fork  Gouges  of  both  unifacial  and  bifacial  forms.  These  artifacts  were  all 
at  the  southern  part  of  our  site,  in  a  relatively  restricted  area,  a  fact  which  leads 
us  to  believe  that  the  surface  association  is  valid. 

Occupation  3:  this  represents  a  long  time  interval,  during  which  time  the  site  was 
used  by  people  who  made  Middle  and  Late  Archaic  projectile  point  types,  as 
well  as  small  crude  bifaces  and  pebble  tools  of  flint.  They  also  reused  some  of 
the  artifacts  of  the  earlier  periods.  This  material  was  concentrated  in  the  nor¬ 
thern  part  of  the  site. 

At  this  writing,  these  occupations  may  best  be  dated  by  their  pro¬ 
jectile  point  associations  elsewhere.  The  most  reliable  data  on  the 
temporal  placement  of  the  Plainview  golondrina  comes  from  the 
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Devil’s  Mouth  Site,  a  stratified  terrace  at  the  junction  of  the  Devil’s 
River  and  the  Rio  Grande,  in  Val  Verde  County,  Texas.  Here  Plain- 
view  golondrinas  came  from  the  gravels  at  the  base  of  the  deposit,  and 
from  the  lowest  culture  bearing  stratum  (Stratum  23)  in  the  excava¬ 
tions  (Johnson,  1964).  Subsequent  excavations  at  that  site  produced 
charcoal  from  a  stratum  that  is  believed  to  correlate  with  Stratum  23 
(Sorrow,  1968).  This  has  been  dated  at  8780  ±  310,  or  6830  B.C. 
(Sample  Tx  -  526;  Valastro,  et  al.  1968),  and,  from  the  pollen  record, 
the  stratum  appears  to  be  pre-Alti thermal  (Bryant  and  Larson,  1968) . 
If  the  same  general  placement  applies  to  northeastern  Mexico,  Occu¬ 
pation  2  at  San  Isidro  would  also  date  at  approximately  6500-7000 
B.C.,  and  Occupation  1,  if  it  is  a  valid  construct,  would  have  to  be 
somewhat  earlier.  I  see  no  grounds  at  present  for  estimating  the  time 
period  involved,  but  it  may  not  be  too  great.  Occupation  3  presumably 
dates  after  3000  years  B.C.  because  its  diagnostic  point  types  seem  to 
be  forms  which  have  been  dated  as  Middle  and  Late  Archaic  in  Texas. 
This  cultural  and  temporal  position  would,  in  climatic  terms,  be  gen¬ 
erally  considered  as  post-Altithermal.  In  summary  then,  the  projectile 
point  association  at  San  Isidro  indicate  pre-  and  post-Altithermal  oc¬ 
cupations. 


CUEVA  DE  LA  ZONA  DE  DERRUMBES  (nL-Q2) 

The  site  known  as  Cueva  de  la  Zona  de  Derrumbes  is  in  the  valley 
of  the  Rio  Santa  Rosa  in  the  Southeastern  part  of  Nuevo  Leon,  Mexico. 
The  Rio  Santa  Rosa  is  an  intermittent  stream  which  has  cut  a  twisting, 
essentially  east-west  course  through  the  eastern  edge  of  the  Sierra 
Madre.  The  Linares-Galeana-San  Roberto  highway  runs  through  this 
valley,  and  at  the  31  kilometer  mark  west  of  Linares,  the  cave  is  visible 
on  the  south  slope  where  the  river  has  cut  2  terraces  50  feet  in  height. 
The  shelter  is  on  the  high  terrace,  about  1 00  feet  above  the  valley  floor. 
The  archaeological  deposit  is  found  in  2  soil  zones  which  are  separated 
by  5%  feet  of  sterile  gravel.  Both  zones  have  been  well  dated  by  a  long 
series  of  radiocarbon  samples.  The  upper  zone  yielded  a  reasonably 
well  stratified  projectile  point  sequence,  which  began  with  a  series  of 
small  lanceolate  and  triangular  projectile  point  forms  normally  called 
Catan  and  Matamoros  (Suhm,  et  al .,  1954)  and  then  graded  into  a 
zone  of  large  triangular  points,  which  MacNeish  (1958)  has  called 
Tortugas  and  Nogales.  Above  this  were  a  series  of  corner-notched  and 
side-notched  forms  and  arrow  points.  Throughout  the  deposit  were  an 
intergrading  lanceolate  series  of  forms  which  have  been  called  Catan 
and  Abasolo  (McClurkan,  1966).  Beneath  the  sterile  gravel  deposit, 
in  the  lower  zone,  was  a  relatively  homogeneous  assemblage  of  small 
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Cl 4  DATES  AND  MAJOR  PROJECTILE  POINTS,  NL  92 
(Pearson,  et  al .,  1965,  1966) 


Sample 

Major  Point 

No. 

Level 

Types 

Radiocarbon  Date 

Tx-204 

3 

Arrow;  Ensor,  Matamoros 

A.D.  970  ±  130 

Tx-250 

5 

Arrow;  Ensor,  Matamoros 

A.D.  1105  ±  115 

Tx-144 

6 

Arrow;  Matamoros,  Ensor 

A.D.  785  ±  75 

Tx-206 

8 

Matamoros 

A.D.  280  ±  110 

Tx-207 

9 

Tortugas  I  (last  appearance 

A.D.  540  ±  130 

Tx-208 

10 

Shumla  I,  Tortugas  I 

210  B.C.  ±  100 

Tx-209 

11 

Shumla  I  &  II,  Tortugas  II 

40  B.C.  ±  140 

Tx-145 

12 

Shumla  I  &  II,  Tortugas  I  &  II 

370  B.C.  ±  90 

Tx-146 

13 

Shumla  I  &  II,  Tortugas  I 

520  B.C.  ±  140 

Tx-147 

14 

Tortugas  I  &  II,  Shumla  I  &  II 

150  B.C.  ±  100 

Tx-148 

15 

Tortugas  I  &  II,  Shumla  I 

970  B.C.  ±  130 

Tx-149 

17 

Tortugas  I,  Shumla  II 

1170  B.C.  ±  140 

Tx-150 

21-22 

No  Major;  Catan 

2890  B.C.  ±  220 

GRAVEL 

Tx-254 

1 

Catan-Matamoros-like 

2930  B.C.  ±  120 

Tx-237 

2 

Catan-Matamoros-like 

2805  B.C.  ±  120 

Tx-235 

3 

Catan-Matamoros-like 

3000  B.C.  ±  160 

triangular  and  lanceolate  projectile  point  forms  similar  to  those  found 
immediately  above  the  gravels,  and  these  were  associated  with  a  series 
of  pebble  choppers  and  crude  bifaces.  Such  heavy  percussion  artifacts 
were  relatively  uncommon  in  the  deposits  above  the  gravel.  The  major 
projectile  point  associations  and  related  carbon  14  dates  are  given  on 
the  following  page. 

Perhaps  the  most  striking  thing  about  the  C14  dates  from  Cueva  de  la 
Zona  de  Derrumbes  is  that  there  is  no  significant  time  interval  repre¬ 
sented  by  the  gravel  deposit,  and  this  is  corroborated  by  the  projectile 
points  themselves  which  show  a  pure  zone  of  small  projectile  point 
forms  (Catan  and  Matamoros-like)  below  and  immediately  above  the 
gravel.  The  fact  that  these  small  points  occur  with  pebble  choppers 
and  heavy  percussion  bifaces  which  were  uncommon  in  the  deposits 
above  it  is  also  noteworthy.  It  should  be  observed  that  MacNeish 
(1958)  reports  no  similar  phase  or  period  in  Tamaulipas,  and  the 
Catan  and  Matamoros  types  there  were  only  in  the  upper  levels  of 
his  excavations. 

The  fact  that  there  was  such  a  thick  gravel  deposit  is  impressive, 
but  the  river  bed  must  have  been  considerably  higher  then  than  it  is 
now,  and  we  must  not  forget  that  the  valley  here  is  relatively  narrow, 
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less  than  200  yards  wide.  Under  these  conditions  extensive  rain  in  the 
uplands  occasionally  could  produce  water  flow  sufficiently  rapid  to 
produce  a  thick  gravel  deposit.  I  suspect  this  event  occurred  rather 
frequently.  What  seems  most  significant  is  that  this  apparently  did 
not  occur  after  3000  B.C. 

At  this  writing  we  have  only  a  preliminary  analysis  of  the  faunal 
remains  and  of  the  pollen  profile.  For  the  former  it  seems  noteworthy 
that  both  the  deposits  above  and  below  the  gravel  contain  animal  forms 
which  are  known  for  the  region  today,  among  which  are  deer,  rabbits, 
and  mice.  In  short,  if  there  is  a  significant  climatic  variable  indicated 
by  the  fauna,  the  preliminary  analysis  of  the  data  does  not  seem  to 
indicate  it  (E.  L.  Lundelius — personal  communication). 

A  statement  on  the  pollen  was  kindly  made  by  Vaughn  Bryant, 
who  emphasized  the  preliminary  and  tentative  nature  of  his  analysis. 
Bryant  worked  only  on  the  material  above  the  gravels,  and  his  state¬ 
ment  is  based  on  a  count  of  less  than  100  grains.  The  analysis  was 
made  difficult  because  of  the  great  number  of  unidentified  pollen  in 
the  sample.  Bryant  was  impressed  with  the  fact  that  there  was  an 
inordinately  high  amount  of  agave  pollen  in  the  sample,  between  40 
and  70%,  which  resembles  the  amount  obtained  in  coprolites  and  is 
unknown  to  him  in  archaeological  soil  samples.  Briefly,  going  from 
top  to  bottom,  a  high  proportion  of  agave  dominates  the  sample  until 
we  reach  a  level  about  6-9  inches  above  the  gravel,  where  the  agave 
drops  sharply,  and  80%  of  the  sample  is  characterized  by  a  single 
unknown.  The  level  immediately  above  the  gravel  contained  pines, 
oak,  walnut,  and  no  agave. 

In  summary,  the  work  at  Cueva  de  la  Zona  de  Derrumbes  indicates 
a  long  lithic  sequence  beginning  about  3000  B.C.,  which  was  almost 
immediately  interrupted  by  an  erosional  interval  that  was  of  short 
duration.  This  early  occupation  is  characterized  by  the  manufacture 
of  small  triangular  and  lanceolate  forms  of  Catan  and  Matamoros 
types,  and  a  fair  number  of  heavy  bifaces  and  pebble  tools.  This  is 
followed  by  a  period  dominated  by  large  triangular  forms  (Tortugas- 
Nogales)  which  seem  to  have  begun  somewhere  around  1200  B.C. 
There  is  a  reduction  in  the  quantity  of  heavy  artifacts  (almost  all  of 
the  sample  consists  of  projectile  points) .  The  remaining  periods  (be¬ 
cause  they  are  quite  recent)  do  not  concern  us  in  this  paper. 

CUEVA  AHUMADA 

The  site  of  Cueva  Ahumada  (NL-1)  is  located  near  the  village  of 
Rinconada  in  the  Sierra  Nacatas  about  40  kilometers  due  west  of 
Monterrey.  This  relatively  small  site  is  marked  by  a  series  of  red  and 
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black  pictographs  which  cover  the  wall  and  roof.  Petroglyphs  are  also 
common.  Cueva  Ahumada  is  located  close  to  a  rather  wide  dry  creek 
which,  according  to  the  local  people,  contained  water  prior  to  1940. 
The  site  was  originally  pointed  out  to  me  in  1960  by  Professor  Eugenio 
del  Hoyo  of  the  Instituto  Tecnologico  de  Estudios  Superiores  de 
Monterrey.  During  the  winter  and  spring  of  1966  it  was  excavated  by 
Hal  Jensen. 

Although  the  culture  sequence  has  not  been  studied  in  detail,  it  is 
apparent  that  Cueva  Ahumada  has  a  number  of  features  not  shared 
by  Cueva  de  la  Zona  de  Derrumbes.  These  include  a  higher  proportion 
of  heavy  percussion  artifacts  in  all  levels,  an  early  occurrence  of  side- 
notched  projectile  points,  and  a  large  number  of  manos  and  metates. 

For  the  immediate  purposes  of  this  paper,  the  most  noteworthy 
aspect  of  Cueva  Ahumada  is  the  dating  of  the  earliest  deposit,  which 
rested  on  a  sloping  deposit  of  sterile  sand  (Valastro  and  Davis — in 
preparation).  All  of  the  samples  were  taken  from  the  base  of  the 
deposit  at  different  squares  of  the  main  excavation  area. 


Sample  No. 

Provenience 

Radiocarbon  Date 

Tx-572 

Level  20  (main  block) 

2490  B.C.  ±  90 

Tx-573 

Level  20  (main  block) 

1070  B.C.  ±  90 

Tx-574 

Level  21  (main  block) 

2530  B.C.  ±  90 

Tx-575 

Level  21  (main  block) 

2700  B.C.  ±  90 

Tx-576 

Level  22  (main  block) 

2570  B.C.  ±  90 

If  the  aberrant  sample  Tx-573  is  disregarded,  the  4  remaining  dates 
cluster  at  2400-2800  B.C.  This  age  is  close  to  the  date  for  the  material 
lying  immediately  above  the  gravel  at  Cueva  de  la  Zona  de  Derrumbes, 
which  is  2890  ±  220  B.C. 

LA  CALZADA 

The  longest  archaeological  sequence  obtained  so  far  by  the  North¬ 
eastern  Mexico  Archaeological  Project  was  obtained  by  C.  R.  Nance 
at  the  site  of  La  Calzada.  This  is  a  sheltered  area  formed  by  overhang¬ 
ing  rock  located  near  the  top  of  a  high  ridge  overlooking  the  Rio  Pilon. 
The  site  is  situated  at  approximately  2,000  meters  above  sea  level  and 
about  500  meters  above  the  valley  floor.  La  Calzada  is  30  km  west  of 
Montemorelos,  N.L. 

Nance  defined  6  different  excavation  units  at  La  Calzada  with 
changes  in  projectile  points  and  chipped  stone  discernible  from  one 
zone  to  another.  The  earliest,  Unit  6,  is  marked  by  a  series  of  diamond 
shaped  points,  which  may  be  similar  to  MacNeish’s  undescribed  and 
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unillustrated  Infiernillo  Diamond  point  (MacNeish,  1958).  A  single 
radiocarbon  date  for  this  unit  was  7990  B.C.  ±  150  (Tx-737).  The 
following  Unit  5  is  characterized  by  lanceolate  and  double  stemmed 
points,  and  radiocarbon  dates  for  its  lower  and  upper  part  are  7320  B.C. 
±  150  (Tx-738)  and  5970  B.C.  ±  190  (Tx-739)  respectively.  Unit  4 
is  characterized  primarily  by  stemmed  points,  Unit  3  by  broad  oval 
and  broad  triangular  forms,  while  Unit  2  contains  a  mixture  of  side- 
notched  dart  points  and  a  series  of  arrow  points.  Carbon  samples  from 
these  3  more  recent  units  have  not  yet  been  dated. 

Until  Nance  completes  his  analysis  of  La  Calzada  and  radiocarbon 
dates  are  available  for  all  of  his  excavation  units,  we  are  unable  to  say 
whether  or  not  the  sequence  at  this  site  is  essentially  a  continuous  one. 
At  this  moment,  all  we  can  note  is  that  there  is  an  early  occupation 
high  up  on  the  ridge  top  of  the  Sierra  Madre.  The  radiocarbon  dates 
for  Unit  6  and  the  presence  of  projectile  points  of  diamond  shape 
suggest  some  relationship  with  MacNeish’s  essentially  undescribed 
Infiernillo  Phase  in  the  Sierra  Madre  of  Western  Tamaulipas,  which 
has  been  radiocarbon  dated  at  6250  B.C.  ±  450  and  6450  B.C.  ±  450 
(MacNeish,  1958).  It  should  be  noted,  however,  that  Unit  6  of  La 
Calzada  is  older  than  MacNeish’s  Infiernillo  Phase  and,  for  that 
matter,  is  even  older  than  the  Lerma  Period  of  the  Sierra  de  Tamauli¬ 
pas,  at  least  insofar  as  radiocarbon  dates  are  concerned. 

SUMMARY  AND  CONCLUSIONS 

There  is  now  a  fair  amount  of  data  to  indicate  that  long  sequences 
of  human  occupation  in  northeastern  Mexico,  if  they  exist  at  all,  are 
going  to  come  from  the  mountains  of  the  Sierra  Madre  and  the  central 
highlands  rather  than  from  the  narrow  valleys  that  empty  into  the 
lowlands  and  from  the  lowlands  themselves. 

It  is  clear  that  there  was  a  widespread  occupation  of  northeastern 
Mexico  prior  to  8,000  years  ago.  Nance’s  excavations  in  the  mountains 
overlooking  the  Rio  Pilon,  Taylor’s  research  at  Frightful  Cave  in 
Coahuila  (Taylor,  1956;  1966),  and  MacNeish’s  (1958)  excavations 
in  the  Sierra  Madre  and  the  Sierra  de  Tamaulipas  all  show  mountain 
or  highland  occupations  with  C14  dates  between  6,000  and  8,000  B.C. 
The  occurrence  of  Plainview  golondrina  points  at  the  San  Isidro  Site 
indicates  that  comparably  early  occupations  also  existed  in  the  low¬ 
lands.  It  is  also  evident  that  there  was  a  widespread  human  occupation 
of  northeastern  Mexico  more  recently  than  2,500-3,000  B.C.  The 
variety  of  stemmed,  barbed,  and  side-notched  projectile  point  forms 
that  come  from  the  post-2,500  B.C.  levels  at  both  Cueva  de  la  Zona  de 
Derrumbes  and  Cueva  Ahumada  are  duplicated  in  a  great  number  of 


54 


THE  TEXAS  JOURNAL  OF  SCIENCE 


rock  shelters  and  open  sites  throughout  the  length  and  breadth  of 
Coahuila  and  Nuevo  Leon  where  they  are  presumably  all  essentially 
coeval. 

The  problem  we  now  have  revolves  around  the  period  between  6,000 
and  3,000-2,500  B.C.  It  would  appear  that  if  occupations  existed  in 
northeastern  Mexico  during  this  period,  we  are  unable  to  recognize 
them,  or  they  have  been  washed  away. 

The  work  at  Cueva  de  la  Zona  de  Derrumbes  reveals  unmistakable 
evidence  of  enormous  flooding  of  the  Santa  Rosa  Valley  about  2,800 
B.C.  This  was  almost  surely  not  a  purely  local  phenomenon.  An 
erosional  interval  is  known  for  2  sites  along  the  Rio  Grande  and  Devil’s 
River  in  Texas,  dated  at  somewhat  earlier  than  2,100  B.C.  where  the 
interval  presumably  marks  the  end  of  the  Altithermal.  Bryant’s  pre¬ 
liminary  analysis  of  the  pollen  suggests  to  me  that  we  may  be  dealing 
with  similar  altithermal  conditions  at  Cueva  de  la  Zona  de  Derrumbes. 
It  appears  therefore,  that  the  flooding  of  the  valleys  at  the  edge  of  the 
eastern  escarpment  of  the  Sierra  Madre  at  the  end  of  the  Altithermal 
probably  washed  away  any  earlier  cultural  deposits.  The  well-docu¬ 
mented  presence  of  post- Altithermal  occupations  in  these  valleys  indi¬ 
cates  no  flooding  after  2,500  B.C. 

Without  evidence  of  Altithermal  period  occupations  in  the  valleys 
along  the  eastern  edge  of  the  Sierra  Madre,  we  are  forced  to  look  else¬ 
where.  Nance’s  excavations  at  La  Calzada  are  still  in  a  preliminary 
stage  of  analysis,  and  until  more  radiocarbon  dates  are  obtained,  we 
will  not  know  definitely  whether  he  has  an  Altithermal  Period  occu¬ 
pation  there  or,  if  so,  what  its  cultural  characteristics  may  be.  At  this 
writing,  the  only  detailed  information  on  a  culture  in  northeastern 
Mexico  that  falls  into  this  time  period  comes  from  Tamaulipas.  Two 
cultural  phases  have  been  reported.  One  from  the  Sierra  de  Tamauli¬ 
pas,  called  Nogales,  is  undated;  the  other,  from  the  Sierra  Madre, 
called  Ocampo,  while  dated,  is  essentially  undescribed  (MacNeish, 
1958).  The  cultural  criteria  for  these  phases  appear  to  be  a  lanceolate 
projectile  point  form  called  Abasolo  and  a  triangular  form  called 
variously  Nogales  and  Tortugas.  Both  of  these  forms  continue  into 
later  phases  and  so  cannot  be  used  as  diagnostic  time  markers  in 
Tamaulipas. 

Our  data  from  Cueva  de  la  Zona  de  Derrumbes  also  indicate  that 
these  projectile  point  forms  cannot  be  used  as  diagnostic  Altithermal 
time  markers  in  Nuevo  Leon.  As  in  Tamaulipas,  Abasolo  forms  con¬ 
tinue  throughout  most  levels  at  the  site,  and  the  Tortugas-Nogales 
forms  are  apparently  only  recent,  occurring  in  a  rather  solid  zone 
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after  2,500  B.C.  and  before  the  appearance  of  arrow  points.  The  prob¬ 
lem  is  compounded  by  the  fact  that  at  the  Cueva  de  la  Zona  de 
Derrumbes  there  is  a  zone  of  small  lanceolate  (Catan)  and  small 
triangular  (Matamoros)  projectile  point  forms  which  underlie  the 
Nogales-Tortugas  points  and  are  dated  at  close  to  3,000  B.C.  These 
small  point  forms  continue  into  all  later  levels  and  so  are  not  just  late 
forms,  as  MacNeish’s  excavation  data  indicate  for  Tamaulipas  (Mac- 
Neish,  1958). 

It  is  hard  to  reconcile  the  differences  between  MacNeish’s  data  and 
our  own  at  this  time,  and  it  is  obvious  that  more  research  will  be 
needed  before  the  difficulty  is  resolved.  If  we  accept  all  of  our  data 
and  throw  out  no  established  sequence,  we  are  faced  with  the  problem 
that  in  northeastern  Mexico  there  is  a  very  long  tradition  of  inter¬ 
grading  triangular  and  lanceolate  projectile  point  forms  (called  Tortu- 
gas-Nogales-Matamoros  and  Abasolo-Catan),  which  apparently  span 
the  whole  Archaic  and  early  neo-American  time  periods.  As  a  result, 
these  forms  are  useless  as  time  markers,  and  to  use  them  for  dating 
open  sites  or  for  cross-site  correlations,  at  least  at  this  time,  would  be 
misleading.  The  time  markers  we  do  have  (Plainview  golondrina, 
Almagre,  Gary,  Ensor)  include  a  variety  of  paleo-Indian  or  Archaic 
stemmed  and  notched  forms  which  have  all  been  dated  by  their  associ¬ 
ations  elsewhere  and,  in  one  sense,  may  be  considered  intrusive.  Why 
we  do  not  have  such  “intrusive”  time  markers  for  the  Altithermal 
period  I  do  not  know,  but  it  seems  that  outside  influences  of  this  nature 
did  not  occur  during  the  Altithermal  in  northeastern  Mexico. 

If  we  cannot  use  these  projectile  point  forms,  are  there  other  arti¬ 
facts  which  seem  to  be  diagnostic  of  the  period  that  falls  between  6,000 
and  3,000  B.C.?  At  this  moment,  the  only  thing  that  seems  to  be  of 
value  is  a  complex  of  heavy  artifacts  that  are  usually  labeled  pebble 
choppers,  percussion  bifaces,  etc.  These  artifacts  also  continue  into  the 
neo- American  periods,  but  our  evidence  from  the  San  Isidro  Site  indi¬ 
cates  that  they  constitute  more  than  75%  of  the  artifact  sample  during 
the  early  periods  when  they  are  associated  with  Lerma  and  Plainview 
points.  In  more  recent  periods,  the  frequency  of  these  heavy  artifacts 
is  much  less.  The  same  general  shift  from  large  to  smaller  tools  seems 
to  have  occurred  in  Tamaulipas  as  well.  In  this  connection  it  is  sig¬ 
nificant  that  heavy  tools  are  apparently  rare  in  Coahuila  (Taylor, 
1966).  It  may  well  be  that  the  large  artifacts  which  we  find  in  the 
lowlands  (and  in  the  American  Southwest)  are  not  so  much  a  func¬ 
tion  of  time  but  of  ecology.  What  this  precise  ecological  niche  is,  our 
present  evidence  does  not  reveal. 
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Mineralogy  of  the  Granite  Peak  Pegmatite, 
Franklin  Mountains,  El  Paso,  Texas 
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ABSTRACT 

A  well-exposed  Precambrian  pegmatite  crops  out  in  the  Granite  Peak  readout  in 
Fusselman  Canyon  on  the  Transmountain  highway,  El  Paso,  Texas.  The  pegmatite 
displays  a  granulated  fine-grained  border  zone  with  a  coarse-grained  central  portion. 
Mineralogically,  it  is  composed  of  perthitic  alkali  feldspar,  quartz  and  riebeckite, 
with  minor  amounts  of  plagioclase,  muscovite,  magnetite,  zircon,  biotite,  and  fluorite. 

LOCATION  AND  INTRODUCTION 

In  the  Fusselman  Canyon  area  of  the  Franklin  Mountains,  El  Paso, 
Texas,  is  exposed  one  of  the  most  complete  sections  of  Precambrian 
rocks  in  west  Texas  (Harbour,  I960,  McAnulty,  Jr.,  1968).  The  Pre- 
cambrian  units  consist  of  the  Castner  Limestone,  Mundy  Breccia, 
Lanoria  Quartzite,  and  an  unnamed  rhyolite  porphyry.  In  addition, 
a  porphyritic  microgranite  and  granite,  along  with  numerous  diabase 
dikes  and  sills,  intrude  the  above  mentioned  sedimentary  and  igneous 
rocks  (McAnulty,  Jr.,  1968).  Radioactive  age  dates  of  the  granite  and 
rhyolite  porphyry  give  an  age  of  953  ±13  m.y.  (Denison  and  Hether- 
ington,  1969). 

In  the  Granite  Peak  readout  on  the  Transmountain  highway,  Loop 
375,  are  exposed  diabase  and  Castner  Limestone  that  were  intruded  by 
granite  and  broken  into  blocks  included  within  the  granite;  numerous 
aplite  and  pegmatite  dikes  cut  these  blocks  of  diabase  and  limestone 
(McAnulty,  Sr.,  1968)  (Fig.  1).  At  the  north  end  of  the  roadcut  the 
granite  and  an  included  block  of  Castner  Limestone  are  cut  by  a 
coarse-grained  pegmatite  dike.  This  pegmatite  is  herein  designated  the 
Granite  Peak  Pegmatite  (Fig.  2) . 

DESCRIPTION 

The  exposed  portion  of  the  pegmatite  is  approximately  165  feet  in 
length  and  averages  about  18  inches  in  width.  The  pegmatite  shows 
a  fine-grained,  aplitic  upper  and  bottom  border  zone,  3  to  6  inches 
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Fig.  1.  Location  map  of  the  Granite  Peak  Pegmatite. 


wide,  containing  dark  streaks  and  stringers  of  amphibole  and  musco¬ 
vite  plus  alkali  feldspar  and  quartz  (Fig.  3a  and  b) . 

The  central  portion  of  the  pegmatite  is  much  coarser  with  grain  size 
averaging  one  cm.  It  is  composed  of  alkali  feldspar,  quartz,  and  large 
tabular  subhedral  to  euhedral  amphibole  crystals;  these  crystals  occur 
up  to  8  inches  in  length. 


TEXTURE 


The  contact  zones  of  the  pegmatite  display  a  strong  granulation 
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Fig,  2,  Outcrop  of  the  Granite  Peak  Pegmatite.  View  is  northwest  near  the  center  of  the 
pegmatite.  The  pegmatite  is  intrusive  info  the  Precambrian  microline  albite  apiitic  granite 
and  averages  approximately  1  8  inches  in  width. 

producing  a  visible  foliation.  Quartz  and  K-feldspar  are  fractured  and 
granulated  with  the  more  tabular  crystals  showing  parallel  to  sub¬ 
parallel  orientation  with  interstitial  shreds  of  the  amphibole.  Occa¬ 
sional  large  quartz  grains,  with  undulatory  extinction,  are  embedded 
in  a  mosaic  of  granulated  quartz  and  feldspar  crystals. 

The  interior  portion  of  the  pegmatite  shows  minor  evidence  of 
granulation.  Two  distinct  textural  patterns  are  present:  (1)  an  almost 
equigranular  mosaic  of  alkali  feldspar,  amphibole  and  quartz  crystals 
and  (2)  an  inequigranular  hypidiomorphic  texture;  large  crystals  of 
alkali  feldspar,  amphibole,  and  quartz  surrounded  by  smaller  crystals 
of  plagioclase,  quartz,  alkali  feldspar,  and  muscovite. 

MINERALOGY  AND  CHEMISTRY 

Introduction  and  Methods 

The  pegmatite  consists  predominantly  of  alkali  feldspar,  quartz,  and 
amphibole.  The  modal  and  normative  minerals  are  shown  in  Table  1 
along  with  a  chemical  analysis. 
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Samples  were  selected  from  the  pegmatite  for  both  chemical  and 
petrographic  analysis.  For  the  chemical  analysis  10  samples  were 
obtained  along  the  coarse-grained  interior  of  the  pegmatite.  Each 
sample,  weighing  2  to  3  pounds,  was  crushed,  mixed  together,  and 
then  quartered  several  times  to  obtain  a  one  to  2  gram  sample  for 
chemical  analysis.  A  similar  procedure  was  followed  in  selecting  a 
sample  of  the  amphibole  for  analysis. 

The  modal  amounts  of  quartz,  alkali  feldspar,  and  amphibole  were 
determined  by  the  use  of  a  one  inch  grid  superimposed  on  the  pegma¬ 
tite  in  the  outcrop.  This  procedure  was  necessary  because  the  crystals 
are  too  large  to  obtain  an  accurate  percentage  in  thin  section.  The 
percentage  of  the  smaller  minor  minerals  was  estimated  by  point 
counting  in  thin  section.  The  minor  minerals  comprise  an  average  of 
about  8%  of  each  thin  section.  Therefore,  the  total  modal  mineralogy 
was  estimated  by  distributing  the  percentage  of  quartz,  alkali  feldspar, 
and  amphibole,  obtained  in  the  field,  among  92%  and  the  percentage 
of  minor  minerals,  obtained  in  thin  sections,  among  the  remaining  8%. 


Fig.  3.  (a)  Textural  zones  in  the  Granite  Peak  Pegmatite.  Thin  upper  aplitic  zone  (one  to 
2  inches  wide)  and  thicker  bottom  aplitic  zone  (2  to  4  inches  wide)  bordering  the  coarse¬ 
grained  interior.  Dark  streaks  in  the  bottom  zone  represent  fine-grained  segregations  of 
amphibole.  (b)  Closeup  view  showing  the  change  in  grain  size  from  the  aplitic  border  zone 
to  the  pegmatite  interior. 
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Chemistry 

The  chemistry  of  the  pegmatite  indicates  a  composition  of  an  alkali 
granite  (see  Table  1 ) .  Although  richer  in  K20  and  Na20  and  lower  in 
CaO  and  MgO  than  most  granites  the  alkali  oxides  are  not  high  relative 
to  other  granite  pegmatites  (D.  Barker,  personal  communication, 
1971).  A  high  alkali  content  is  typical  of  other  Precambrian  igneous 
rocks  in  the  Franklin  Mountains.  Richardson  (1909)  reports  a  com¬ 
bined  Na20  +  K20  content  of  8.64%  and  9.30%  in  a  sample  of  the 
rhyolite  porphyry  and  granite,  respectively.  The  Granite  Peak  peg¬ 
matite  is,  however,  much  higher  in  Na20  than  either  the  granite  or 
rhyolite  (i.e.,  5.03%  vs.  2.88%  and  3.64%,  respectively). 
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Table  1 

Chemical  and  Mineral  Data  of  the  Granite  Peak  Pegmatite  (1 -analyst:  Tadashi 
Asari,  Tokyo,  Japan,  2-CIPW  Classification  system  by  C.  Ondriek  and  J.  Holloway 
(1967),  Pennsylvania  State  University  and  modified  by  D.  V.  LeMone  and  M. 
Adams  for  CDC  3100B  (1969),  The  University  of  Texas  at  El  Paso;  program 
deposited  at  Computations  Center,  The  University  of  Texas  at  El  Paso. 

1  2 
Chemical  Oxides  Modal  Normative 

(weight  percent)  Minerals  Minerals 


Si02 

—  69.62 

‘Alkali  feldspar 

—  61% 

Orthoclase 

37.397% 

ai2o3 

—  13.69 

Plagioclase  feldspar 

—  3% 

Albite 

—  35.727% 

Fe203 

—  2.34 

Quartz 

—  21% 

Quartz 

—  16.312% 

FeO 

2.00 

Riebeckite 

—  10% 

Diopside 

0.355% 

MgO 

0.05 

Muscovite 

—  3% 

Hypersthene 

3.490% 

CaO 

0.08 

Magnetite 

—  1% 

Acmite 

6.309% 

Na20 

—  5.03 

Zircon 

—  i% 

Xlmenite 

0.153% 

K20 

--  6.28 

Biot it e 

—  Tr 

Magnetite 

0.257% 

Ti02 

—  0.08 

Fluorite 

—  Tr 

100.000% 

MnO 

—  0.07 

100% 

H20+  --  0.77 

H2°-  —  0.28 

100.29 


Quartz 

Quartz  commonly  occurs  in  anhedral  grains  averaging  21  %  of  the 
pegmatite  (see  Table  1).  Most  crystals  are  equidimensional  but  tabu¬ 
lar  grains  in  subparallel  orientation  are  present  in  the  contact  zone. 
Undulatory  extinction  ranges  from  moderate  to  strong  in  the  border 
facies  and  weak  to  moderate  in  the  central  portion  of  the  pegmatite. 

Many  grains  show  inclusions  of  K-feldspar  and  muscovite  with 
veins  and  embayments  in  quartz  filled  with  K-feldspar. 

Both  the  modal  and  normative  amounts  of  quartz  are  low  for  a 
granite  pegmatite  (D.  Barker,  personal  communication,  1971). 

Alkali-Feldspar 

Microcline  perthite  is  the  most  abundant  mineral  in  the  pegmatite; 
it  occurs  in  anhedral  crystals  displaying  patches,  veins,  and  stringers 
of  intergrown  plagioclase.  Dimensions  of  the  exsolved  phase  range 
from  0.07  mm  to  0.15  mm  and  are  classed  as  perthite  to  micro-perthite 
(Tuttle,  1952) .  Also  abundant  are  inclusions  of  muscovite,  quartz,  and 
plagioclase. 
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Table  2 


Position  of  Alkali  Feldspar  Reflections,  Granite  Peak  Pegmatite 


Miller  Indices, 
Chkl) 

2  -0“  values  (Cuk«0 

FCP-2A 
Single  Xtl 

FC-1 

Composite 

FCP-3 

Composite 

FCP-4 

Composite 

FCP-24 

Composite 

FCP-1 

Composite 

(201) 

21.09° 

21.04° 

21.10° 

21.08° 

21.11° 

21.04° 

(002) 

27.58° 

27.53° 

27.59° 

27.60° 

27.63° 

27.45° 

(113) 

o 

38.70 

38.62° 

38.68° 

o 

38.73 

38.75° 

o 

38.62 

(060) 

41.92° 

41.87° 

41.92° 

41.92° 

o 

41*98 

o 

41.85 

(204) 

50.64° 

50.62° 

50.66° 

50.64° 

50.72° 

50.59° 

A  large  difference  exists  between  the  amounts  of  modal  and  norma¬ 
tive  plagioclase  (i.e.,  3%  and  35.7%,  respectively) .  This  would  suggest 
that  the  K-feldspar  contains  a  considerable  amount  of  albite  and  is  a 
mesoperthite  (D.  Barker,  personal  communication,  1971).  This  is 
further  indicated  by  the  large  amount  of  intergrown  plagioclase  ob¬ 
served  in  thin  section. 

The  “three  peak”  method,  as  outlined  by  Wright  (1968),  was 
employed  to  determine  the  structural  state  and  composition  of  the 
alkali-feldspar.  Both  single  crystal  and  composite  samples  were  x-rayed 
and  the  2  O  values  of  the  (201),  (002),  (113),  (060),  and  (204) 
reflections  recorded  (Table  2) . 

The  results  indicate  that  the  alkali-feldspar  is  of  the  maximum 
microcline — low  albite  series.  However,  based  on  the  position  of  the 
(201)  reflection,  the  alkali-feldspar  is  anomalous  and  the  “apparent” 
structural  state  is  near  maximum  microline.  Because  of  the  anomalous 
state  of  the  feldspar  the  position  of  the  (201 )  reflection  cannot  be  used 
to  estimate  composition  (Wright,  1968).  Judging  from  the  positions 
of  the  (204)  and  (060)  reflections,  the  composition  of  the  alkali-feld¬ 
spar  is  approximately  Or60  Ab  +  An40  (D.  Barker,  personal  communi¬ 
cation,  1971) . 

Riebeckite 

The  alkali-amphibole  occurs  in  2  forms:  (1)  large  prismatic 
crystals,  up  to  8  inches  in  length,  in  the  central  portion  of  the  peg¬ 
matite  and  (2)  small  stringers  of  micaceous  form,  averaging  2  mm, 
in  the  fine-grained  border  zones;  both  are  dark  blue  to  black  in  color. 

Microscopically  it  displays  strong  pleochroism,  with  X-deep  blue  to 
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black,  Y-yellow-brown,  and  Z-bluish  green.  Inclusions  of  quartz  and 
feldspar  are  moderately  abundant  with  muscovite  replacing  the  rie- 
beckite  along  cleavage  traces. 

The  chemical  composition  of  the  amphibole  shows  high  Fe+2,  Fe+3, 
Na+1,  and  low  Ca+2  and  Mg+2  content  (Table  3).  Based  upon  the 
classification  of  the  glaucophaneriebeckite  group  by  Miyashiro  (1957), 
and  modified  by  Deer,  et  al.  (1963),  the  Granite  Peak  amphibole  falls 
in  the  field  of  riebeckite  (i.e.  100  Fe+2:  Fe+2  +  Mg  +  Mn  =  0.962  and 
100  Fe+3:  Fe+3  +  Alvl  +  Ti  =  0.903). 

Calculation  of  the  ion  proportions  from  the  chemical  analysis  is 
shown,  along  with  an  x-ray  pattern,  in  Table  3.  The  sum  of  the  X  +  Y 
ions  and  Y  ions  is  greater  than  7  and  less  than  5,  respectively,  which 
is  common  in  most  riebeckite  analyses  (Deer,  et  aL ,  1963). 

Accessory  Minerals 

Plagioclase  and  muscovite  occur  as  small  subhedral  to  anhedral 
crystals  surrounding  larger  crystals  of  quartz,  alkali-feldspar  and 
riebeckite.  Muscovite  is  also  abundant  as  anhedral  patches  along 
cleavage  planes  in  riebeckite.  Plagioclase  is  unzoned  with  composition 
of  albite  (An5), 


Table  3 


Chemical  and  X-ray  data  of  riebeckite  from  the  Granite  Peak  Pegmatite  ( 1  -analyst: 
Tadashi  Asari,  Japan  Analytical  Chemistry  Research  Institute,  Tokyo,  Japan) 
(2-40KY,  20  ma,  CuKoc). 


Weight 

Percent  Oxides 


1 


Number  of  Ions 
based  upon  24  (0,  OH,  F) 


X-ray  Pattern2 
d-spacing  (A)  Intensity 


Si02 
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Si 

- 

7.88  -1 

I 

8.35 
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- 

15 
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- 

0.12  -1 

1 
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- 

10 

VT 
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_ 

10 
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_ 

1.10 

All 

- 
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3.12 

- 

45 
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_ 

30 

Fe203 

- 
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Ti 

- 
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2.71 

_ 

15 

2.59 

_ 

5 

FeO 

_ 

17.66 

Fe+3 

_ 
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2.54 

_ 

10 

-4.62 

2.37 

„ 

10 

MnO 

- 

0.64 

Fe+2 

_ 

2.03 

2.32 

„ 

7 

2.17 

_ 

10 

MgO 

- 

0.05 

Mg 

- 

0.01 

2.03 

_ 

5 

1.681 

- 

5 

CaO 

- 

0.12 

Mn 

_ 

0.07  — 

1.660 

- 

9 

1.611 

■  - 

7 

Na20 

- 

7.67 

Na 

_ 

2.34  - 

1.583 

- 

9 

1.498 

- 

5 

k2o 

- 

1.54 

Ca 

- 

0.02 

-2.67 

1.430 

_ 

10 

1.379 

_ 

5 

h2o+ 

- 

1.44 

K 

- 

0.31  - 

h2o- 

0.29 

OH 

- 

1.82 
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Zircon  is  present  as  small  subhedral  to  euhedral  crystals  within  the 
alkali  feldspar  and  mafics.  It  is  most  abundant  in  the  basal  contact 
zone  associated  with  altered  biotite.  Most  euhedral  forms  are  colorless 
to  pink,  show  zonal  structures,  and  microcracks.  Lower  than  normal 
interference  colors  and  a  gray  to  white  coating,  seen  in  reflected  light 
(malacon),  indicate  metamictization. 

Magnetite  occurs  as  small  anhedral  crystals  predominantly  as  inchi  - 
cions  in  the  amphibole.  Minor  fluorite  is  present  as  anhedral  forms 
between  quartz  and  feldspar  crystals. 
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Phyllodont  Tooth  Plate  from  the  Lower 
Cretaceous  of  Texas 
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ABSTRACT 

The  occurrence  of  a  basibranchial  tooth  plate  having  a  phyllodont  type  of  tooth 
replacement  is  reported  from  the  Glenrose  limestone  (Albian)  in  northern  Bosque 
County,  Texas.  It  is  identified  as  Casierius  heckelii  (Costa),  presumably  an  albulid 
fish.  The  histologic  structure  of  the  teeth  compares  favorably  with  that  of  a  known 
C.  heckelii  tooth  plate. 

INTRODUCTION 

Mr.  Jay  C.  Blaine  of  Dallas,  Texas,  recently  discovered  a  fossil  tooth 
plate  of  a  fish  and  donated  it  to  the  Shuler  Museum  of  Paleontology, 
Southern  Methodist  University.  It  was  found  along  Hill  Creek  in  the 
Glenrose  limestone  (Trinity  group,  Albian)  about  one  mile  southwest 
of  Eulogy,  Texas,  in  the  northern  corner  of  Bosque  County.  It  has  been 
identified  and  catalogued  as  Casierius  heckelii  (Costa),  number  SMP- 
SMU  62364,  and  is  referred  to  as  the  Eulogy  tooth  plate.  Less  than  a 
dozen  occurrences  of  Casierius ,  all  of  Albian  age,  have  been  reported 
from  Italy,  France,  England,  and  the  United  States  (Estes,  1969b). 

GENERAL  DESCRIPTION 

The  tooth  plate  (Fig.  la)  has  a  length  of  about  55  mm;  the  presumed 
posterior  end  had  been  broken  away.  Maximum  width  of  the  tooth 
plate  is  32  mm.  There  is  no  indication  of  attachment  bone,  as  the 
preservation  is  not  complete;  but,  by  comparing  the  tooth  plate  with 
figures  provided  by  Estes  (1969a,  b),  this  specimen  appears  to  be  a 
basibranchial  tooth  plate.  It  has  a  maximum  thickness  of  6  mm 
through  its  central  portion,  decreasing  outwardly  in  all  directions.  A 
lateral  view  (Fig.  lb)  shows  the  plate  to  be  convex  with  its  presumed 
posterior  end  becoming  more  flattened  than  the  anterior  end.  The 
occlusal  view  (Fig.  la)  shows  the  anterior  end  to  be  somewhat  pointed, 
while  the  posterior  end  is  merely  rounded. 

The  teeth  are  phyllodont  in  character,  with  the  replacement  teeth 
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arranged  in  3  to  4  layers  in  an  alternating  succession  (Fig.  lc) .  Tooth 
size  reaches  a  maximum  diameter  of  3.2  mm  in  the  central  portion  of 
the  plate,  and  decreases  anteriorly  and  posteriorly  to  a  minimum  of 
1.0  mm.  The  teeth  at  the  posterior  end  are  all  uniformly  small, 
whereas  those  at  the  anterior  end,  which  is  poorly  preserved,  appear 
to  be  more  variable  in  size.  The  teeth  are  generally  somewhat  rounded, 
and  mostly  irregular  in  outline.  About  half  of  those  on  the  occlusal 
surface  have  been  worn  by  trituration  which  has  produced  individual 
concave  surfaces.  In  cross-sectional  view  (Fig.  lc)  they  vary  from 
hemispherical  to  nearly  flattened  shape,  with  no  apparent  relation  to 
their  position  in  the  tooth  plate. 

histological  description 

The  usefulness  of  comparing  dental  histologies  of  closely  related 
groups  of  lower  vertebrates  has,  to  my  knowledge,  not  yet  been  fully 
demonstrated.  Estes  (1969a:  p.  320)  describes  Phyllodus  teeth  as 
“having  a  basal  bony  layer,  an  intermediate  layer  of  fine,  parallel 
dentinal  tubules,  and  a  thin  outer  coat  of  enamel-like  material.”  He 
gives  a  nearly  identical  description  for  Paralbula  casei  (p.  324) .  In  a 
2nd  paper  Estes  (1969b:  p.  752)  describes  the  teeth  of  Casierius 
heckelii  as  being  “composed  of  orthodentine  with  a  well-defined  outer 
layer  of  vitrodentine  or  durodentine.”  If  the  terminology  appears  con¬ 
fusing,  it  is  no  fault  of  Estes';  one  has  only  to  refer  to  recent  works 
(Orvig,  1967  and  Peyer,  1968)  concerning  the  histologies  of  lower 
vertebrate  teeth,  to  discover  that  no  uniformity  of  terms  exists.  It  is 
beyond  the  scope  of  this  paper  to  suggest  universally  acceptable  ter¬ 
minology;  but  I  do  suggest  that  workers  cite  sources  of  the  terms  they 
employ  in  their  descriptions,  as  well  as  details  of  their  preparation 
and  description  of  thin  sections  (thickness,  stains  used,  light  source, 
extent  and  type  of  permineralization) . 

Since  the  posterior  end  was  broken  away  from  the  rest  of  the  Eulogy 
tooth  plate,  and  several  intervening  teeth  were  completely  separated, 
I  polished  the  inner  surface  of  the  broken  end  (Fig.  lc)  and  thin- 
sectioned  a  portion  of  the  broken  surface  of  the  main  tooth  plate  and 
a  few  of  the  loose  teeth.  The  thin  sections  were  ground  to  nearly  the 
standard  thickness  of  0.03  mm.  The  terms  used  in  the  following 
description  are  defined  by  Peyer  (1968) . 


Fig.  1 .  (a)  Occlusal  view  of  Eulogy  basibranchial  tooth  plate,  Casierius  heckelii ,  SMP- 
SMU  62364;  presumed  anterior  end  to  left;  arrow  indicates  point  where  the  posterior  end 
was  broken  away  and  from  where  the  thin  sections  were  made,  (b)  lateral  view,  anterior 
end  to  right,  (c)  polished  surface  of  inner  side  of  broken  posterior  end;  line  is  5.0  mm  long. 
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(a)  Mosaic  photograph  of  thin  section  of  portion  of  Eulogy  tooth  plate,  polarizedlight  (b)  same,  ordinary  light;  line  is  1  mm  long. 
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The  teeth  in  the  Eulogy  tooth  plate  (Fig.  2)  are  composed  mainly 
of  orthodentine;  the  characteristically  radiating  dentinal  tubules  are 
enhanced  under  polarized  light  at  low  power.  The  sediment-filled 
(micrite  and/or  sparite)  pulp  cavity  is  small  relative  to  tooth  size,  and 
is  usually  separated  from  the  surrounding  orthodentine  by  a  zone  of 
nearly  opoque  brown-colored  material.  The  radiating  structure  of  the 
orthodentine  does  show  through  in  some  places,  especially  in  ordinary 
light,  suggesting  this  material  is  part  of  the  original  tooth  structure 
that  was  not  destroyed  by  fossilization  processes. 

The  material  capping  each  of  the  teeth  shows  slight  evidence  of  a 
radiating  structure,  and  no  array  of  crooked  dentinal  tubules  such  as 
is  seen  in  modified  dentine  (Peyer,  1968:  p.  97  and  PL  34a;  however, 
see  his  PL  44b).  It  is  not  true  enamel,  as  it  does  not  have  the  charac¬ 
teristically  high  birefringence  (Peyer,  1968;  p.  94,  PL  34a,  and  Pl. 
44b);  no  enamel  is  present  in  these  teeth.  In  places  the  capping 
material  is  stained  a  light  brown;  traces  of  laminae  parallel  to  the  oral 
surface  also  occur  here,  suggesting  that  these  features  were  present 
elsewhere  in  the  cap  before  being  destroyed  by  fossilization  processes. 
Many  workers  would  probably  call  this  capping  material  vitrodentine, 
but  Peyer  (1968;  p.  99)  prefers  to  limit  this  term  to  the  outermost 
zone  of  compact  orthodentine  found  in  elasmobranchs.  Based  on 
Peyer’ s  Plate  44b,  it  is  probably  best  to  consider  this  outer  layer  as 
modified  dentine. 

Under  high  power  (400X)  the  structures  of  the  orthodentine  and 
modified  dentine  appear  similar — probably  a  result  of  permineraliza- 
tion,  apparently  by  silica. 

A  tooth  plate  of  Casierius  heckelii ,  SMP-SMU  62115,  collected  from 
the  Trinity  sands  (Albian)  and  briefly  described  by  Thurmond 
(1970) ,  was  available  for  comparative  study  (Fig.  3) .  In  general  shape 
and  structure  these  teeth  appear  similar  to  those  of  the  Eulogy  speci¬ 
men,  although  there  are  observable  but  perhaps  minor  differences.  A 
very  thin  but  distinct  layer  (Fig.  3a)  underlies  the  modified  dentine; 
it  appears  to  be  more  closely  related  to  the  modified  dentine  than  to 
the  orthodentine,  as  it  is  apparently  not  penetrated  by  the  dentinal 
tubules.  A  similar  but  less  distinct  layer  occurs  in  the  Eulogy  specimen. 
The  orthodentine  is  more  heavily  masked  by  the  initially  occurring 
brown-colored  material  than  in  the  Eulogy  teeth.  The  very  small, 
rounded  to  angular  features  seen  in  the  orthodentine  of  some  of  the 
Eulogy  teeth  (Fig.  2b)  are  not  present  in  these  teeth.  The  reason  for 
their  existence  is  unknown,  as  they  seem  to  show  no  relation  to  the 
dentinal  tubules. 
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Fig.  3.  (a)  Mosaic  photograph  of  thin  section  of  Thurmond’s  C.  heckelii,  SMP-SMU  62115, 
polarized  light  (b)  same,  ordinary  light;  line  is  1  mm  long. 
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DISCUSSION 

In  outward  appearances  the  Eulogy  tooth  plate  compares  favorably 
with  the  Gault  Clay  (Albian)  specimen  from  England  figured  by 
Estes  (1969b:  PL  I,  Fig.  3a-b)  and  described  by  him  as  Casierius 
heckelii  (Costa) .  Also,  the  general  shape  of  the  individual  teeth  on  the 
occlusal  surface  of  the  Eulogy  specimen  compares  favorably  with  the 
teeth  in  a  fragmentary  right  pterygoid  tooth  plate  from  the  Trinity 
sands  in  Montague  County,  Texas,  identified  as  C.  heckelii  by  Estes 
(1969b:  PL  II,  Fig.  la-c) . 

There  is  no  doubt  that  the  Eulogy  tooth  plate  is  Casierius.  There 
may  be  some  doubt,  however,  as  to  its  specific  identity.  The  histological 
differences  between  it  and  Thurmond’s  specimen  are  thought  to  be 
minor.  The  most  notable  difference  is  size,  which  can  be  regarded  as 
insignificant  (at  least  until  a  wider  variety  of  skeletal  material  is 
known) ;  there  is  also  virtually  no  size  difference  with  the  Gault  Clay 
specimen.  Estes  identified  Thurmond’s  specimen  without  knowledge 
of  its  histology;  he  has  studied  (1969a)  the  histologies  of  other  teeth, 
and  has  apparently  found  close  enough  relationships  with  outward 
appearances  to  allow  satisfactory  identifications  based  only  on  those 
criteria.  I  think  the  evidence  is  sufficient  enough  to  identify  the  Eulogy 
tooth  plate  as  Casierius  heckelii. 

The  occurrence  of  the  Eulogy  tooth  plate  in  marine  sediments,  and 
its  Albian  age,  support  the  idea  of  a  close  affinity  to  the  material 
described  by  Estes.  Specimens  have  also  been  reported  from  freshwater 
sediments,  and  Thurmond  (1970)  reports  his  as  from  a  brackish-water 
environment. 

If  this  identification  is  correct,  it  seems  doubtful  that  the  length- 
width  ratio  of  the  tooth  plates  used  by  Estes  (1969b:  p.  753)  is  a  valid 
criterion  for  separating  the  Phyllodontidae  (Estes,  1969a)  from  the 
Albulidae.  (Although  he  tentatively  referred  Casierius  to  the  Albuli- 
dae,  Estes  states  that  such  a  classification  may  be  artificial).  Estes 
noted  the  tooth  plate  length  is  about  twice  the  width  in  albulids  and 
about  1 .5  times  the  width  in  phyllodontids.  The  Eulogy  tooth  plate  has 
a  length- width  ratio  of  1.7  (allowance  was  made  for  the  space  between 
the  main  body  of  the  tooth  plate  and  the  posterior  end  that  was  broken 
away;  see  Fig.  la). 
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ABSTRACT 

Remains  of  44  kinds  of  mammals  were  identified  from  sediments  found  in  Klein 
Cave,  Kerr  County,  Texas.  The  remains  have  been  carbon-dated,  on  the  basis  of 
bone,  at  7683  ±  643  years  RP,  but  as  bone  dates  are  minimal  dates,  the  actual  age  of 
the  specimens  is  probably  8,000  years  or  more.  The  evidence  of  human  presence  in 
the  fauna  is  a  single  bone  bead.  Of  the  mammals  identified,  34  occur  today  in  the 
vicinity  of  the  cave,  or  so  close  to  it  that  their  presence  in  the  fauna  is  not  surprising. 
Of  interest  is  the  scarcity  of  the  cotton  rat,  Sigmodon  hispidus  (1  specimen),  usually 
common  in  late  Pleistocene  faunas,  the  absence  of  the  pigmy  mouse  (Baiomys) ,  the 
variety  of  bats,  8  species,  and  apparent  sympatry  of  3  species  of  Reithrodontomys ,  4 
species  of  Peromyscus ,  and  3  species  of  Neotoma. 

Ten  species  from  the  fossil  fauna  do  not  today  occur  near  the  Edwards  Plateau: 
Blarina  brevicauda,  Myotis  lucifugus ,  Myotis  evotis ,  Myotis  volans ,  Myotis  cali- 
fornicus,  Pipistrellus  hesperus,  Tamias  striatus,  Microtus  pennsylvanicus,  Synap- 
tomys  cooperi  and  Mustela  erminea.  Four  species  of  bats,  Myotis  lucifugus ,  M.  cali- 
fornicus,  M.  volans ,  and  Pipistrellus  hesperus  are  recorded  for  the  first  time  from  the 
Pleistocene  of  Texas. 

The  presence  of  Tamias  striatus ,  Microtus  pennsylvanicus,  Synaptomys  cooperi, 
and  Mustela  erminea  in  Texas  as  late  as  8,000  years  ago  is  surprising.  All  4  are 
known  from  older  faunas.  None  of  the  4  occur  in  Texas  today.  These  species  give  a 
distinctly  “Pleistocene”  aspect  to  the  Klein  Cave  fauna. 

INTRODUCTION 

Caves  and  sinkholes  in  the  Edwards  Limestone  formation  of  the 
Edwards  Plateau,  central  Texas,  have  furnished  several  important 
accumulations  of  fossil  mammal  remains  (e.g.  Patton,  1963;  Lunde- 
lius,  1967;  Dalquest,  et  al 1969).  Most  of  these  cave  local  faunas 
represent  the  latest  Pleistocene  and  very  early  Recent  time,  roughly 
from  7,000  to  12,000  years  before  present.  Each  cave  local  fauna  thus 
far  reported  has  been  distinctive,  and  included  species  not  discovered 
in  other  cave  faunas  or  has  included  different  proportions  of  extinct 


*  Condensed  from  a  thesis  submitted  to  the  faculty  of  Midwestern  University  in 
partial  fulfillment  of  requirements  for  the  Master  of  Science  degree  in  Biology. 
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species,  species  no  longer  found  on  the  Edwards  Plateau  or  in  Texas, 
and  species  still  resident  in  the  area.  The  species  present  in  cave  faunas 
permit  interpretation  of  vegetation,  climate,  and  other  ecological  con¬ 
ditions  in  the  immediate  vicinity  when  the  cave  deposits  were  forming. 
When  the  cave  deposits  can  be  dated  with  reasonable  accuracy  and 
when  a  reasonably  complete  sequence  is  available,  interpretation  of 
the  late  Pleistocene  history  of  central  Texas  will  be  possible.  Until 
then,  each  cave  fauna  furnishes  a  picture  of  one  limited  area  during 
one  short  period  of  time.  The  fauna  of  Klein  Cave,  reported  here, 
represents  the  mammals  and  conditions  of  Kerr  County  approximately 
8,000  years  ago.  The  fauna  is  distinctive  in  several  respects,  especially 
in  the  number  of  species  of  bats. 

Klein  Cave  is  named  for  Mr.  Warren  Klein  of  Mountain  Home, 
Texas,  who  showed  me  the  cave  in  1966,  after  teeth  of  a  bear  had  been 
found  there.  The  cave  is  on  the  property  of  Mr.  Thomas  Hall,  and  in 
July,  1968,  at  the  suggestion  of  Dr.  Walter  W.  Dalquest  and  with  the 
permission  of  Mr.  Hall,  I  returned  to  the  cave  and  collected  1500 
pounds  of  fossil-bearing  matrix.  The  matrix,  when  dried  and  washed 
by  the  method  devised  by  Hibbard  (1949),  yielded  countless  complete 
and  fragmentary  bones  of  vertebrate  animals.  Identifiable  mammalian 
material  included  702  skull  fragments,  jaws,  and  teeth.  These  form 
the  basis  of  the  present  report. 

Klein  Cave  is  located  approximately  12  miles  WSW  of  Mountain 
Home,  Kerr  County.  The  entrance  is  an  oval  measuring  35  by  12  feet. 
The  cave  now  is  about  210  feet  long  but  was  once  longer.  Much  of 
the  cave  collapsed  to  form  a  boulder-covered  depression  in  which  the 
present  opening  is  located. 

Four  distinct  layers  of  sediments  can  be  identified  on  the  cave  floor. 
The  superficial  deposit  is  black  and  from  8  to  46  inches  deep,  deepest 
in  the  middle  of  the  cave  and  along  the  north  wall,  and  seemingly  free 
of  vertebrate  remains.  Beneath  this  is  a  brown  layer  of  nearly  uniform 
6-inch  depth.  Bones  of  Becent  Notiosorex,  Perognathus ,  Neotoma, 
Peromyscus ,  Conepatus ,  bats  and  rabbits  were  found  here.  Underlying 
the  brown  layer  is  a  2nd  black  layer.  This  is  more  stony  than  the  super¬ 
ficial  layer  but,  like  it,  seems  to  be  free  of  bones. 

The  fossiliferous  layer  lies  beneath  the  2nd  black  layer  and  was 
present  only  in  a  deep  pocket  or  pit  next  to  the  south  wall  of  the  cave. 
It  was  yellowish  in  color  and  sharply  demarked  from  the  overlying 
black  layer.  Vertebrate  remains  were  abundant  and  were  bright 
yellow-orange  in  color,  but  became  paler  when  dried. 

Most  caves  on  the  Edwards  Plateau  that  have  yielded  large  fossil 
vertebrate  faunas  have  been  deep  caves  or  sinkholes.  Most  of  the  small 
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mammals  were  probably  brought  into  these  caves  as  prey  of  barn  owls, 
or  their  bones  were  brought  in  for  nesting  material  by  wood  rats. 
Large  mammals  probably  wandered  or  fell  into  the  caves  and  were 
trapped. 

Klein  Cave  is  a  shallow  cave,  and  could  not  operate  as  a  cave  trap. 
Consequently,  large  mammal  remains  are  very  rare.  Most  of  the 
remains  of  small  mammals  are  thought  to  have  been  brought  into  the 
cave  by  owls  and  woodrats.  The  shallow  cave,  however,  forms  a  splen¬ 
did  roost  for  bats,  and  thousands  of  bats  live  in  the  cave  at  present. 
Remains  of  8  species  of  bats  were  found  in  the  Pleistocene  sediments, 
a  richer  bat  fauna  than  is  known  from  any  other  Texas  cave  thus  far 
reported. 

A  quantity  of  rabbit  and  rodent  post-cranial  bones  were  submitted 
to  the  Research  Department,  Mobil  Research  and  Development  Cor¬ 
poration,  Dallas,  Texas.  Dr.  Henry  F.  Nelson  was  kind  enough  to  make 
a  carbon  14  age  determination  from  this  material.  The  date  (Mobil 
Research  No.  SM-1196)  of  7683  ±  643  years  before  present  seems 
quite  late  for  the  presence  of  meadow  vole,  bog  lemming,  ermine, 
etc.,  in  Texas.  Since  dates  obtained  from  fossil  bone  are  usually  less 
than  those  obtained  from  shell  or  charcoal,  such  dates  may  be  accepted 
as  minimum  dates  only.  The  Klein  Cave  local  fauna  may  be  older 
than  8,000  years,  but  doubtless  is  not  younger.  However,  since  most 
dates  for  cave  faunas  will  probably  be  obtained  from  bone,  and  bone 
dates  are  probably  comparable,  the  date  given  is  best  accepted  for 
chronological  purposes.  The  Klein  Cave  fauna  is  thus  older  than  the 
Miller  Cave  (Patton,  1963)  fauna  but  younger  than  the  Schulze  Cave 
(Dalquest,  et  oh ,  1969)  fauna.  Whether  the  fauna  is  considered 
Pleistocene  or  earliest  Recent  is  immaterial. 

The  fossil  fauna  of  Klein  Cave  consists  of  44  identified  kinds  of 
mammals  and  unidentified  amphibian,  reptile,  and  avian  material. 
All  specimens  have  been  deposited  in  the  Midwestern  University 
Collection  of  Fossil  Vertebrates.  The  mammal  fossils  are  largely  incom¬ 
plete.  Specimens  termed  “skulls”  include  the  palate  and  most  of  the 
rostrum  or  cranium,  and  have  at  least  one  tooth  remaining  in  the 
maxillaries.  “Jaws”  are  complete  or  fragmentary  maxillaries  or  mandi¬ 
bular  rami  containing  one  or  more  teeth. 

Criteria  for  the  identification  of  most  of  the  fossils  are  the  same  as 
used  in  the  identification  of  species  from  Schulze  Cave  (see  Dalquest, 
et  ah ,  1969)  and  are  not  repeated  here.  However,  my  reasons  for 
identification  of  those  species  from  Klein  Cave  that  were  not  found  in 
Schulze  Cave  are  briefly  stated.  All  measurements  given  are  in  milli¬ 
meters.  In  the  following  list  of  the  mammals  of  the  Klein  Cave  local 
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fauna,  species  marked  with  an  asterisk  occur  on  the  Edwards  Plateau 
today  or  so  close  to  it  that  it  is  not  surprising  to  find  them  in  the  late 
Pleistocene  fauna  of  Klein  Cave.  All  are  known  from  other  late 
Pleistocene  cave  faunas.  For  a  list  of  the  modern  mammalian  fauna 
of  the  Edwards  Plateau,  see  Dalquest,  et  al. ,  1969. 

LIST  OF  THE  FOSSIL  MAMMALS  OF  THE  KLEIN 
CAVE  LOCAL  FAUNA 

Blarina  brevicauda  (Say) ;  6  skulls,  5  upper  and  17  lower  jaws. 

*Cryptotis  parva  (Say) ;  1  upper,  4  lower  jaws. 

*Notiosorex  crawfordi  (Baird) ;  9  lower  jaws. 

*Scalopus  aquaticus  (Linnaeus) ;  1  lower  jaw. 

Myotis  lucifugus  (Le  Conte) ;  1  skull,  2  lower  jaws. 

*  My otis  velifer  (Allen) ;  13  skulls,  21  upper  and  96  lower  jaws. 

Myotis  evotis  (H.  Allen) ;  5  upper,  25  lower  jaws. 

Myotis  calif ornicus  (Audubon  and  Bachman) ;  2  skulls,  1  lower  jaw. 

*Pipistrellus  subflavus  (Cuvier) ;  1  skull,  3  upper  and  10  lower  jaws. 

Pipistrellus  hesperus  (Allen) ;  2  lower  jaws. 

*Eptesicus  fuscus  (Beauvois) ;  9  skulls,  26  upper  and  68  lower  jaws. 

*  Homo  sapiens  Linnaeus;  1  bone  bead. 

Sylvilagus  sp .;  9  upper,  20  lower  jaws. 

Tamias  striatus  (Linnaeus) ;  1  upper  jaw. 

*Cynomys  ludovicianus  (Ord) ;  1  skull,  2  upper  jaws,  1  isolated  tooth. 

*Thomomys  bottae  (Eydoux  and  Gervais) ;  1  upper  jaw,  4  isolated  premolars. 
*Geomys  bursarius  (Shaw) ;  1  rostrum,  3  lower  jaws,  numerous  incisors. 

Perognathus  sp.;  1  palate,  8  lower  jaws. 

*Perognathus  hispidus  Baird;  8  palates,  5  upper  and  18  lower  jaws. 

*Dipodomys  ordii  Woodhouse;  5  lower  jaws. 

* Reithrodontomys  montanus  (Baird) ;  1  upper,  7  lower  jaws. 

* Reithrodontomys  megalotis  (Baird) ;  4  upper,  13  lower  jaws. 

*  Reithrodontomys  fulvescens  Allen;  7  lower  jaws. 

* Peromyscus  cf.  maniculatus  (Wagner) ;  6  lower  jaws. 

^Peromyscus  cf.  leucopus  (Rafinesque) ;  1  upper,  5  lower  jaws. 

*  Peromyscus  boylii  (Baird) ;  5  upper,  4  lower  jaws. 

*  Peromyscus  pectoralis  Osgood;  2  upper,  14  lower  jaws. 

*Onychomys  leucogaster  (Maximillian) ;  1  upper,  8  lower  jaws. 

*Sigmodon  hispidus  Say  and  Ord;  1  lower  jaw. 

*Neotoma  floridana  (Ord) ;  4  skulls,  1  palate,  20  lower  jaws. 

*Neotoma  micropus  Baird;  4  palates,  22  lower  jaws. 

*Neotoma  albigula  Hartley;  1  skull,  3  palates,  1  upper  and  6  lower  jaws. 

Microtus  pennsylvanicus  (Ord) ;  1  lower  jaw. 

*Microtus  cf.  pinetorum  (Le  Conte) ;  6  skulls,  5  palates,  105  lower  jaws. 

Synaptomys  cooperi  Baird;  2  lower  jaws. 

*Canis  latrans  Say;  1  lower  Ml,  1  upper  P3 
*Vulpes  velox  (Say) ;  3  lower  Ml’s. 

*Ursus  americanus  Pallas;  1  lower  Ml,  2  premaxillaries. 

Mustela  erminea  Linnaeus;  1  lower  jaw. 

*Spilogale  putorius  (Linnaeus) ;  4  lower  jaws. 
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*  Mephitis  mephitis  (Schreber) ;  2  upper  MS’s. 

*Felis  rufus  Schreber;  1  upper  M2,  1  canine. 

*Odocoileus  virginianus  (Zimmerman) ;  1  lower  tooth. 

To  the  forms  marked  with  an  asterisk  may  be  added  Sylvilagus.  The 
specimens  are  not  of  good  enough  quality  to  identify  to  species,  but 
doubtless  belong  to  one  of  the  2  species  presently  living  on  the  Edwards 
Plateau.  The  Perognathus  sp.  material  is  of  a  tiny  form,  probably 
merriami ,  but  the  material  is  not  assignable  to  species. 

The  human  “fossil”  consists  of  a  single  bone  bead,  %  inch  long, 
Ys  inch  wide,  and  with  a  hole  bored  its  entire  length.  Its  association 
with  the  fossil  specimens  is  almost  certain,  and  it  definitely  is  a  man¬ 
made  artifact. 

The  sympatry  of  Reithrodontomys  montanus ,  R.  megalotis  and  R. 
fulvescens  may  not  occur  on  the  Edwards  Plateau  today,  unless  on 
its  western  border.  It  is  common  in  Pleistocene  faunas.  Similarly,  the 
sympatry  of  the  4  species  of  Peromyscus  and  3  species  of  Neotoma 
may  not  occur  today,  although  3  species  of  Peromyscus  commonly 
occur  in  one  small  area  of  the  Edwards  Plateau,  and  2  species  of 
Neotoma  have  been  recorded  living  together  there. 

A  surprising  feature  is  the  absence  of  Baiomys  and  the  rarity  of 
Sigmodon  in  the  cave  fauna.  In  Schulze  Cave,  with  an  otherwise  quite 
similar  fauna,  21  specimens  of  Baiomys  and  more  than  900  Sigmodon 
were  found. 

The  short-tailed  shrew,  Blarina  hrevicauda ,  does  not  occur  now  on 
the  Edwards  Plateau  but  is  a  common  species  in  most  Pleistocene  cave 
faunas  from  central  Texas.  Apparently  its  geographic  range  has 
decreased  in  Recent  time,  and  it  has  been  recorded  no  closer  than 
Aransas  County  as  a  living  form. 

Myotis  lucifugus  is  a  common  northern  and  western  bat,  ranging 
southward  to  Oklahoma.  There  is  one  modem  record  for  Texas.  It  has 
not  previously  been  known  from  the  Pleistocene  of  Texas.  The  maxil¬ 
lary  tooth  row,  including  incisors,  measures  5.4.  Maxillary  breadth  at 
M3  is  6.2.  Mandibular  tooth  rows,  excluding  incisors,  measure  5.3  and 
5.4.  The  Klein  Cave  specimens  were  compared  with  Recent  specimens 
from  Arizona,  and  I  was  unable  to  note  any  differences. 

Myotis  evotis  was  recorded  (as  Myotis  cf.  evotis)  from  the  Schulze 
Cave  Pleistocene  fauna.  I  have  examined  these  specimens,  the  Klein 
Cave  specimens,  and  modern  evotis  from  Arizona,  and  believe  them 
all  to  belong  to  one  form.  Myotis  evotis  is  similar  to  Myotis  keeni  but 
slightly  larger.  The  crown  area  of  the  upper  cheek  teeth  of  M.  evotis 
is  significantly  greater  than  that  of  M.  keeni.  The  tendency  to  reduc¬ 
tion  of  secondary  cusps  and  ridges  on  the  first  and  second  molars  is 


80 


THE  TEXAS  JOURNAL  OF  SCIENCE 


more  pronounced  in  evotis  than  in  keeni  (Miller  and  Allen,  1928). 
Measurements  of  the  fossils  are  as  follows:  length  of  maxillary  tooth 
row,  6. 1-6.6,  (mean  6.4);  length  of  mandibular  tooth  row,  6. 0-6.2, 
(mean  6.2) . 

The  specimens  referred  to  Myotis  volans  mark  the  first  Pleistocene 
record  of  this  species  in  Texas.  It  is  primarily  a  western  bat  that 
approaches  the  Edwards  Plateau  most  closely  in  the  Trans-Pecos  area 
of  Texas. 

The  fossil  specimens  are  indistinguishable  from  Recent  specimens 
of  Myotis  volans  interior  Miller,  from  Arizona.  Some  measurements 
are:  length  of  maxillary  tooth  row,  5.4;  breadth  of  palate,  including 
M3,  5.6;  length  of  mandibular  tooth  row,  5.4-6. 1  (mean  5.8). 

Myotis  californicus  is  another  western  bat  known  to  occur  no  farther 
eastward  than  Trans-Pecos  Texas.  The  Klem  Cave  specimens  seem 
to  be  the  first  record  of  the  species  from  the  Pleistocene  of  Texas.  Small 
size  and  crowded  premolars  are  distinguishing  characters.  The  Klein 
Cave  specimens  compare  favorably  with  modern  bats  from  Arizona. 
Some  measurements  are:  length  of  maxillary  tooth  row,  excluding 
incisors,  5.1,  5.2;  palatal  width  of  skull,  including  M3,  5.0,  4.9;  length 
of  mandibular  tooth  row,  5.2. 

The  western  pipistrell  occurs  today  in  the  Trans-Pecos  area  and 
Garza  County,  Texas  (Barbour  and  Davis,  1969) .  Very  small  size  and 
crowded  premolars  set  this  species  off  from  P.  subflavus ,  while  the 
presence  of  only  2  lower  premolars  separates  it  from  small  species  of 
Myotis.  P.  hesperus  and  P.  subflavus  are  sympatrrc  in  southern  Okla¬ 
homa  and  north-central  Texas  (Glass  and  Moore,  1959),  as  they 
apparently  were  on  the  Edwards  Plateau  in  the  late  Pleistocene.  I 
know  of  no  other  Pleistocene  records  of  P.  hesperus  from  Texas. 

Tamias  striatus ,  the  eastern  chipmunk,  was  first  recorded  from 
Texas  in  the  Schulze  Cave  local  fauna  (Dalquest,  et  al. ,  1969).  The 
unquestionable  presence  of  this  species  at  Klein  Cave  shows  that  it 
persisted  as  a  member  of  the  Texas  fauna  later  than  the  age  of  the 
Pleistocene  deposit  of  Schulze  Cave.  Remains  of  chipmunks  should  be 
sought  in  other  central  Texas  cave  faunas. 

The  lower  jaw  of  Microtus  pennsylvanicus  is  complete,  well-pre¬ 
served,  and  is  quite  large.  The  Ml  has  5  closed  triangles.  Identity  is 
certain.  The  presence  of  this  species  at  Klein  Cave  is  surprising  in  view 
of  its  absence  at  Schulze  Cave,  where  nearly  700  identifiable  specimens 
of  Microtus  were  all  of  the  pinetorum-ochrogaster  type. 

There  are  Pleistocene  records  of  the  meadow  vole  from  central  and 
northern  Texas,  as  well  as  Florida  and  New  Mexico  (Martin,  1968). 
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Relict  populations  in  Mexico,  New  Mexico,  Colorado  and  Kansas, 
show  the  past  distribution  of  the  species  in  the  west  and  south. 

The  2  jaws  of  Synaptomys  are  well-preserved  and  are  too  small  to 
be  referred  to  S.  australis  Simpson.  They  appear  to  be  of  adult  animals 
but  the  tooth  rows  (M1-M3)  measure  only  6.5  and  6.7  respectively. 
The  bog  lemming  now  ranges  no  farther  south  than  southwestern 
Kansas,  northeastern  Arkansas,  and  Tennessee,  but  is  known  from 
most  well-studied  late  Pleistocene  faunas  from  Texas,  including  cave 
faunas  from  the  Edwards  Plateau. 

The  ermine  jaw  from  Klein  Cave  is  from  a  mature  individual.  It  is 
much  too  small  to  belong  to  the  long-tailed  weasel,  and  compares 
closely  to  the  jaw  of  M.  erminea  from  Schulze  Cave.  The  ermine  has 
also  been  recorded  from  Cave-without-a-name  by  Lundelius  (1967). 
It  is  interesting  that  the  only  3  Pleistocene  records  of  this  species  from 
Texas  are  from  the  Edwards  Plateau.  At  present,  the  ermine  ap¬ 
proaches  Texas  no  closer  than  the  southern  Rocky  Mountains  of 
northern  New  Mexico. 

PALEOECOLOGY  AND  ZOOGEOGRAPHY 

A  climatic  change  is  suggested  when  a  comparison  is  made  of  the 
ecological  requirements  of  those  species  of  mammals  found  in  Klein 
Cave  and  those  species  which  are  now  resident  on  the  Edwards  Plateau. 
Of  the  44  species  found  in  Klein  Cave,  28  still  occur  in  the  vicinity  of 
the  Cave.  The  16  forms  no  longer  found  on  the  Edwards  Plateau 
represent  several  diverse  ecological  and  geographical  areas.  Thirty-two 
of  the  modern  forms  recorded  from  the  Plateau  are  not  represented  in 
the  Klein  Cave  local  fauna. 

Considering  the  fossil  forms  now  extinct  in  the  vicinity  of  Klein 
Cave  and  the  modern  forms  not  represented  in  the  fossil  fauna,  a 
change  from  a  cool,  moist  climate  to  the  present  warmer,  dry  climate 
has  probably  occurred. 

Four  species  found  in  Klein  Cave:  Myotis  lucifigus,  Myotis  evotis , 
Microtus  pennsylvanicus ,  and  Mustela  erminea ,  now  occur  no  closer 
to  Klein  Cave  than  the  alpine  regions  of  New  Mexico.  Martin  (1968) 
in  a  study  of  the  Recent  and  Pleistocene  distribution  of  Microtus 
pennsylvanicus ,  found  the  average  July  temperature  over  the  entire 
range  of  Microtus  pennsylvanicus  to  be  67°  F.  Over  the  southern 
border  of  the  range,  the  average  July  temperature  is  75°  F.  The  July 
average  temperature  for  the  Edwards  Plateau  is  80°  F.,  with  maxi¬ 
mum  temperatures  often  reaching  100-105°  F.  (Youngblood  and  Cox, 
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1922).  Meadow  voles  typically  inhabit  moist,  low  areas  with  dense 
growths  of  grasses.  However,  in  the  Great  Lakes  region  they  are  often 
found  in  forests  with  little  or  no  ground  cover  (Burt,  1957).  Areas 
supporting  large  meadows  could  have  existed  just  outside  the  entrance 
to  Klein  Cave.  High  summer  temperatures  and  lack  of  suitable  cover 
have  eliminated  Microtus  pennsylvanicus  from  the  Edwards  Plateau. 

The  Chiropteran  material  in  the  Klein  Cave  local  fauna  includes 
350  jaws  (291  identified)  belonging  to  8  species.  The  presence  of  5 
bats  (My  otis  lucifigus ,  M.  evotis ,  M.  volans ,  M.  calif  or  nicus,  and 
Pipistrellus  hesperus )  on  the  Edwards  Plateau  8,000  years  ago  is 
interesting,  since  these  forms  do  not  now  occur  there.  Myotis  lucifigus 
and  Myotis  evotis  are  northern  in  distribution,  occurring  no  closer  to 
Klein  Cave  than  the  mountains  of  northern  New  Mexico.  Myotis 
lucifigus  is  usually  found  closely  associated  with,  but  not  restricted  to, 
forested  areas  (Hall  and  Kelson,  1959).  Myotis  evotis  prefers  thinly 
forested  to  semi-desert  areas.  Habitat  suitable  to  Myotis  evotis  now 
exists  on  the  Edwards  Plateau,  but  large  forested  areas  are  totally 
absent.  Three  forms,  Myotis  californicus ,  Myotis  volans ,  and  Pipis¬ 
trellus  hesperus  from  Klein  Cave  are  western  forms  that  occur  in  Texas 
only  in  the  Trans-Pecos  and  Big  Bend  areas.  These  forms  prefer  arid 
to  semi-arid  conditions,  and  with  the  exception  of  Myotis  volans  are 
cave  dwellers.  Klein  Cave  could  have  served  as  a  hibernation  site  for 
these  bats  during  the  late  Pleistocene.  Eptesicus  fuscus  and  Myotis 
velifer  are  the  commonest  bats  in  the  fauna.  Their  wide  distribution 
and  tolerance  to  varied  habitats  do  not  make  them  useful  as  environ¬ 
mental  indicators  for  the  Klein  Cave  local  fauna.  The  remaining  form, 
Pipistrellus  subflavus ,  is  an  eastern  species  now  found  throughout 
much  of  Texas.  Pipistrellus  subflavus  occurs  in  Klein  Cave  today. 

SUMMARY 

A  difference  between  the  climatic  conditions  that  occurred  on  the 
Edwards  Plateau  during  the  Late  Pleistocene  and  the  conditions  now 
prevailing  on  the  plateau  is  indicated  by  a  study  of  fossil  vertebrates 
from  Klein  Cave.  Distributional  patterns  and  ecological  preference  of 
living  representatives  of  the  species  found  in  the  Klein  Cave  fauna 
form  the  basis  for  this  conclusion. 

Several  members  of  the  fossil  fauna  are  now  found  far  to  the  north 
of  Klein  Cave.  Eastern  forms  also  form  a  large  element  of  the  fossil 
fauna.  Many  forms  present  in  the  fossil  fauna  occur  today  on  the 
Edwards  Plateau,  but  only  in  small  local  populations  where  habitat  is 
suitable. 


PLEISTOCENE  MAMMALS  FROM  KLEIN  CAVE 


83 


During  the  time  in  which  the  animals  of  the  Klein  Cave  local  fauna 
lived,  the  climate  on  the  Edwards  Plateau  must  have  been  able  to 
support  a  richer  vegetation  than  the  semi-desert  flora  of  today.  Deep 
soils  and  lush  grasslands  also  must  have  existed.  Forested  areas  prob¬ 
ably  extended  from  east  Texas  at  least  to  the  eastern  edge  of  the 
plateau  and  probably  onto  the  Edwards  Plateau.  Permanent  streams 
and  lakes  supporting  marshes  and  bogs  are  also  indicated.  Summers 
were  milder  than  those  experienced  on  the  plateau  today,  with  lower 
average  temperatures  and  lower  extremes,  permitting  more  effective 
use  of  rainfall. 
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ABSTRACT 

A  simple  approach  for  developing  the  Schrodinger  wave  equation  has  been  pre¬ 
sented.  It  has  been  remarked  that  primarily  the  basic  assumptions  related  to  the 
fundamental  discoveries,  like  universal  constant  of  Planck,  photoelectric  equation 
of  Einstein,  Rutherford  model  of  atom,  Bohr  theory  leading  to  electron  energy  states, 
and  de  Broglie  wavelength,  form  the  foundation  of  the  Schrodinger  wave  equation. 
These  theories  have  been  discussed  briefly  but  in  a  simple  manner  leading  to  the 
formulation  of  the  quantum  mechanical  wave  equation  and  to  the  explanation  of 
the  dual  character  of  light. 

INTRODUCTION 

The  subject  of  quantum  mechanics  forms  part  of  the  basic  set  of 
axioms  of  the  fundamental  theory  of  the  structure  of  matter  and 
dynamics  of  microscopic  bodies.  Nevertheless,  the  assumptions  in¬ 
volved  in  it  are  not  introduced  usually  until  very  late  in  the  student’s 
education,  if  ever.  The  popular  reason  given  in  support  of  introducing 
this  subject  late  to  students  is  that  they  are  not  prepared  to  compre¬ 
hend  and  appreciate  the  intricacies  involved  in  it,  and  consequently, 
they  might  develop  a  negative  attitude  toward  it.  The  purpose  of  this 
article  is  to  present  a  consistent  development  which  describes  many  of 
the  physical  phenomena  associated  with  the  Schodinger  wave  equation 
and  to  help  develop  it,  yet  is  simple  enough  to  be  worked  with  by 
students  in  the  very  early  stage  of  their  college  education.  Alterna¬ 
tively,  the  nature  of  assumptions  in  quantum  mechanics  can  be  intro¬ 
duced  and  partially  elucidated  to  students  at  some  early  stage  of  their 
career  by  the  use  of  classical  analogs  of  standing  waves  and  by  the 
Bohr  postulates  which  lead  to  the  formulation  and  solution  of  the 
Schrodinger  equation. 

Quantum  mechanics  constitutes  the  most  recent  step  in  the  very 
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old  search  for  the  general  laws  governing  the  motion  of  matter.  For  a 
long  time,  physicists  confined  their  efforts  to  studying  the  dynamics 
of  bodies  of  macroscopic  dimensions.  However,  today  the  development 
of  atomic  and  nuclear  physics  has  shown  that  the  older  laws  without 
considerable  modification  are  not  correct  when  applied  to  atoms  and 
nuclei.  Quantum  mechanics  constitutes  a  great  theoretical  foundation 
of  20th  century  physics.  It  leads  to  new  modes  of  thought  which  form 
the  basis  of  understanding  atomic  and  nuclear  phenomena.  Indeed, 
some  aspects  of  the  quantum  description  of  nature  are  not  altogether 
new.  They  are,  however,  found  in  classical  physics.  There  are  many 
everyday  examples  of  quantized  quantities  such  as  a  die.  Only  1,  2,  3, 
4,  5,  or  6  dots  appear  on  the  upper  face  when  it  is  rolled.  No  fraction 
is  conceivable  in  such  a  throw.  In  fact,  quantum  theory  has  been 
developed — through  large  measure — on  the  discovery  that  several 
quantities,  which  in  classical  physics  had  been  considered  as  continu¬ 
ous,  are  quantized.  However,  the  experiments  on  which  the  quantum 
theory  is  based  are  not  directly  accessible  to  our  senses,  and  the  physi¬ 
cal  facts  which  we  deduce  from  the  data  are,  in  general  several  logical 
steps.  It  is,  therefore,  not  surprising  that  in  the  beginning  we  encounter 
some  conceptual  difficulties  in  understanding  the  quantum  theoretical 
ideas  since  they  are  based  on  mathematical  deductions,  which  by  their 
very  nature  are  not  the  direct  outcome  of  our  common  daily  experi¬ 
ence. 


planck’s  quantum  concept 

In  1900  Max  Planck  was  able  to  explain  the  black-body  spectrum 
in  terms  of  the  assumed  emission  and  absorption  of  electromagnetic 
radiation  in  discrete  quanta.  Each  quantum  of  radiation  contains  an 
amount  of  energy  e  given  by 

£  —  hv  ,  (  1  ) 

where  v  is  the  frequency  of  the  radiation  and  h  is  the  universal  con¬ 
stant  called  Plancks  Constant.  Its  value  must  be  determined  by  experi¬ 
ment;  it  is  not  prescribed  by  theory.  It  has  been  measured  in  a  variety 
of  ways,  and  all  of  the  measurements,  without  exception,  agree. 
Planck  postulated  that  all  solid  bodies  contain  vibrating  electrons  (he 
called  them  first  resonators  of  every  imaginable  frequency)  with  some 
definite  energy  values  proportional  to  their  frequencies.  Any  vibrating 
electron  could  take  any  one  of  those  energy  values.  Planck  compared 
this  energy  scale  with  a  ladder.  The  ladder  had  its  rungs,  as  any 
ordinary  ladder,  at  equal  intervals.  The  ladder  could  vary  from  a  toy 
ladder  to  a  giant  ladder.  In  other  words,  the  spacing  between  the  rungs 
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of  the  ladder  was  not  the  same  for  all  resonators  but  proportional  to 
the  frequency  of  the  resonator  in  each  case.  If  a  vibrating  electron 
proceeds  up  or  down  the  ladder,  it  must  proceed  by  jumping  from  one 
level  to  another.  That  is  to  say,  it  may  absorb  or  emit  energy  only  in 
certain  discrete  units,  represented  by  equal  spacing  from  level  to  level. 
It  was  later  affirmed  that  the  bottom  level  was  located  at  the  energy  - 

1  3  5 

value  —  hv,  so  that  the  subsequent  levels  followed  along  —  hv,  —  hv, 

and  so  on.  Several  physical  phenomena  confirm  this  choice  of  spacing. 
The  remarkable  difference  between  the  classical  theory  of  radiation 
and  that  of  Planck  lay  in  their  assumptions.  According  to  the  classical 
theory  any  resonator  may  have  any  amount  of  energy;  in  other  words, 
it  may  go  continuously  up  or  down  the  energy-scale  through  all  levels. 
Planck  permitted  the  energy-values  of  a  resonator  proportional  to  the 
frequency  of  the  resonator  in  each  case  and  designated  the  spacing 
as  hv. 


LIGHT - PARTICLE  OR  WAVE 

Newton’s  idea  that  light  consisted  of  particles  has  yielded  to  the 
wave  theory  in  the  19th  century.  In  1904  the  corpuscular  theory  of 
light  was  revived  by  the  discovery  of  the  photoelectric  effect.  Albert 
Einstein  theorized  that  light  acts  in  the  photoelectric  effect  as  though 
it  were  corpuscular.  He  imagined  that  a  beam  of  light  consists  of  cor¬ 
puscles  of  energy  hi;,  now  called  “photons”.  Consider  a  beam  of  light 
falling  on  a  piece  of  metal.  Some  of  the  photons  are  reflected  from  the 
surface  of  the  metal  some  enter  the  metal.  One  of  these  may  be  absorb¬ 
ed  in  such  a  way  that  it  annihilates  completely  giving  up  its  entire 
energy  hi;  to  a  single  electron  in  the  metal.  The  electron  thereby  gains 
enough  energy  to  spring  out  of  the  metal  and  is  called  a  “photoelec¬ 
tron.”  A  number  of  such  photoelectrons  form  an  appreciable  amount 
of  electric  current.  Once  the  electron  is  out.  its  kinetic  energy  can  be 
measured.  This  energy,  of  course,  is  something  less  than  hi;.  The  elec¬ 
tron  had  to  spend  a  certain  amount  of  energy  in  order  to  leave  the 
metal.  The  energy  thus  spent  is  denoted  by  W.  The  kinetic  energy  of 
the  electron  E  is,  therefore,  given  by 

E-hv-W,  (2) 

which  is  called  the  “Photoelectric  Equation  of  Einstein.” 

The  corpuscular  behavior  is  not  confined  to  light  alone;  such  a 
behavior  is  exhibited  by  all  electromagnetic  radiations.  The  quantum 
of  electromagnetic  radiation— the  photon— of  energy  hv  moving  with 
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the  velocity  c  (the  speed  of  light)  must  have  a  momentum  given  by 

Pphoton  =  h^/c  ,  (3) 

where  p  is  the  linear  momentum.  A.  H.  Compton  used  this  idea  in 
explaining  the  Compton  effect  in  1923. 

In  this  discussion  the  frequency  of  radiations  v  has  been  playing  a 
significant  role.  However,  it  is  not  a  directly  measurable  quantity 
but  is  computed  from  measurements  of  the  wavelength  A  of  the  radi¬ 
ation  using  the  relationship 

V  =  c/A  .  (4) 

The  wavelength  A  can  be  measured  only  by  some  experiment  which 
involves  interference  or  diffraction  phenomena  characteristic  of  wave 
motion.  In  order  to  explain  the  results  of  some  of  the  experiments 
involving  the  interaction  between  radiant  energy  and  matter,  such  as 
the  photoelectric  effect  and  the  Compton  effect,  it  is  necessary  to  assign 
to  radiant  energy  some  properties  characteristic  of  particles  rather 
than  waves.  Re-establishing  the  corpuscular  theory  did  not  neces¬ 
sarily  mean  to  preclude  the  existence  of  the  wave  theory  of  electro¬ 
magnetic  radiations.  On  the  contrary,  it  enhanced  the  role  of  the  wave 
theory.  These  theories  rather  established  a  “dual  character”  of  radi¬ 
ations,  and  the  two  characters  complement  each  other.  It  is  appropriate 
to  make  a  remark  here  that  in  spite  of  the  fact  that  radiation  possesses 
this  dual  character,  it  never  exhibits  both  characteristics  in  any  one 
experiment.  In  a  given  experiment,  it  behaves  either  as  a  wave  or  as 
a  corpuscle. 

MATTER  AS  WAVES 

According  to  a  hypothesis  introduced  by  L.  de  Broglie,  a  3rd  im¬ 
portant  theoretical  inference  appeared  in  1 924.  He  suggested  that  this 
dual  character  (particle-like  and  wave-like)  should  not  be  confined 
to  radiation  alone  but  should  also  be  exhibited  by  all  fundamental 
entities  of  matter.  Accordingly  electrons,  photons,  atoms,  and  mole¬ 
cules  should  have  some  type  of  wave  motion  associated  with  them, 
de  Broglie  was  led  to  this  hypothesis  by  considerations  based  upon  the 
quantum  theory  and  upon  the  special  theory  of  relativity.  He  assumed 
that  the  relation  between  the  momentum  p(=  mv)  of  the  particle  and 
the  wavelength  A  of  the  corresponding  wave  is 

A  =  h/p  =  h/mv  .  (5) 

Up  to  that  time  all  the  evidence  had  indicated  that  matter  was  com¬ 
posed  of  discrete  Newtonian  particles.  In  particular,  sharp  tracks  of 
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charged  particles,  such  as  electrons  and  helium  nuclei,  had  -been 
observed  in  expansion  cloud  chambers.  Shortly  after  de  Broglie’s 
hypothesis,  the  diffraction  of  electrons  by  crystals  was  observed  and 
thus  confirmed  his  principal  supposition. 

DISCRETE  ENERGY  LEVELS 

In  1911  Ernest  Rutherford  established  that  an  atom  consists  of  a 
positively  charged  and  massive  nucleus,  around  which  negatively 
charged  electrons  revolve  in  orbits  as  the  planets  revolve  around  the 
sun.  Rutherford  did  not  prescribe  the  particular  orbits  in  which  these 
electrons  should  revolve. 

In  the  simplest  case  of  the  hydrogen  atom,  there  is  only  one  electron. 
Niels  Rohr  presented  a  revolutionary  new  idea  in  1913  by  prescribing 
the  orbit  in  which  the  electron  in  hydrogen  atom  should  revolve: 

Bohr  made  2  postulates: 

1.  The  angular  momentum  of  an  atom  is  quantized  and  out  of  all 
electron  orbits  only  those  orbits  are  permissible  for  which  the 
orbital  angular  momentum  of  the  electron  is  an  integer  multiple 

of  —  (=h) .  No  energy  is  radiated  or  absorbed  while  the  electron 

remains  in  any  one  of  these  permissible  orbits.  These  orbits  are 
called  "stationary  states.” 

2.  Whenever  radiant  energy  is  emitted  or  absorbed  by  an  atom, 
this  energy  is  in  a  whole  quantum  of  amount  hv,  and  conse¬ 
quently,  the  energy  of  the  atom  is  changed  by  this  amount.  If 
£i  and  Ef  are  the  initial  and  final  energies  of  the  atom,  then 

£ i  Ef  — —  hr  .  (6) 

However,  according  to  de  Broglie’s  hypothesis,  the  wave  length  A 
associated  with  an  electron  given  by  (5)  suggests  that  a  series  of 
waves  should  be  moving  in  the  electron’s  orbit.  This  seems  to  be  con¬ 
trary  to  Bohr’s  assumption  of  an  electron  moving  in  a  stationary  orbit. 
This  apparent  contradiction  can  be  resolved  easily.  In  order  that 
electron  waves  should  not  cancel  one  another  by  interference,  they 
must  move  in  such  a  way  that  a  stationary  or  standing  wave  in  the 
orbit  be  produced.  Therefore,  the  length  of  the  path  must  be  a  whole 
multiple  of  wavelength.  Considering  a  particular  case  of  a  circular 
orbit  or  radius  r,  we  have  the  relation 


2irr  =  nk , 


(7) 
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where  n  is  an  integer.  Using  (5)  and  (7),  we  soon  obtain 


h 


(8) 


That  is,  orbital  angular  momentum  of  the  electron  is  an  integer 
multiple  of  h/2? r.  This  is  identical  with  the  Bohr’s  quantization 
hypothesis. 

Before  we  conclude  this  section,  it  seems  appropriate  to  make  an 
observation  here.  We  know  that  electromagnetic  waves  are  produced 
by  an  accelerated  electric  charge.  The  frequency  of  the  waves  is  pre¬ 
cisely  the  frequency  of  oscillation  of  this  charge.  The  electron  in  a 
bound  system,  an  atom,  is  accelerated  as  it  moves  in  its  orbit.  There¬ 
fore,  the  atom  must  radiate  continuously.  (This  is  contrary  to  Bohr’s 
assumption.)  The  frequency  of  this  radiation,  moreover,  must  also  be 
equal  to  the  frequency  of  the  electron’s  orbital  motion.  However,  if 
the  atom  does  emit  radiant  energy,  the  total  energy  of  the  atom  must 
decrease.  Furthermore,  if  the  total  energy  decreases,  the  radius  r  of 
the  orbit  must  decrease.  As  r  decreases,  the  orbital  frequency  of  the 
electron  should  increase.  Hence  starting  from  some  initial  orbit,  the 
electron  will  spiral  inward  toward  the  nucleus.  The  atom  will  continue 
radiating  a  continuous  spectrum  with  increasing  frequency  until  the 
electron  reaches  the  nucleus.  The  atom  then  will  collapse.  All  this 
will  happen  in  less  than  10-8  sec.  Of  course,  this  is  completely  in  dis¬ 
agreement  with  what  we  observe.  The  experimental  facts  have  estab¬ 
lished  that  atoms  are  stable  and  radiate  a  discrete  spectrum  conform¬ 
ing  to  the  Bohr  hypothesis.  Nevertheless,  the  big  question  is  still 
unanswered:  why  does  the  electron  in  a  stationary  state  in  a  bound 
system  not  emit  electromagnetic  radiation  while  it  is  accelerated? 
Perhaps  the  charged  electron  even  in  a  stationary  state  in  a  bound 
system  when  accelerated  does  produce  electromagnetic  waves.  The 
frequency  of  the  waves  is  also  perhaps  the  same  as  that  of  the  electron. 
Like  electron  waves,  these  electromagnetic  waves  (produced  due  to 
the  accelerated  motion  of  the  electron)  also  form  the  standing  or  sta¬ 
tionary  waves  following  the  same  electron’s  path  (if  there  is  a  path) . 
As  long  as  they  form  the  stationary  waves,  no  radiant  energy  is  emitted 
by  the  system.  However,  during  the  transition  of  electron  from  one 
energy  state  to  another,  the  radiant  energy  is  released  or  absorbed 
according  to  Eq.  (6) .  If  one  can  devise  a  tiny  probe,  capable  of  detect¬ 
ing  those  momentary  radiations,  and  place  it  within  the  region  where 
the  accelerated  electron  is  likely  to  be  found  within  the  bound  system, 
one  might  be  able  to  see  the  whole  region  filled  with  electromagnetic 
radiations  like  those  in  the  macroscopic  world. 
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THE  WAVE  EQUATION 

Equation  (5)  provides  a  relation  between  the  momentum  and  wave¬ 
length  of  a  material  particle.  This  makes  it  possible  to  use  concen¬ 
trated  bunches  of  waves  to  describe  localized  particles  of  matter  and 
quanta  of  radiation.  In  order  to  fix  our  ideas  precisely,  we  introduce 
here  a  “wave  amplitude”  or  “wave  function”  which  depends  on 
space  coordinates  (x,  y,  z)  and  a  time  coordinate  (t).  The  quantity 
is  assumed  to  have  the  properties: 

1 .  It  can  interfere  with  itself  so  that  it  can  account  for  the  results 
of  diffraction  experiments. 

2.  It  is  large  in  magnitude  where  the  particle  is  likely  to  be  found 
and  small  at  other  places  so  that  it  can  always  be  associated 
with  the  localization  of  a  particle. 

3.  It  may  be  regarded  as  describing  the  behavior  of  a  single  particle 
not  the  statistical  distribution  of  a  number  of  such  quanta.  This 
implies  that  a  single  quantum  of  matter  or  radiation  interferes 
with  itself  rather  than  with  other  quanta. 

Let  a  wave  function  ^(x,  t)  represent  a  particle  of  mass  m  with  com¬ 
pletely  undetermined  position  traveling  in  the  positive  direction  of  x 
with  precisely  known  momentum  p.  The  wave  function  ^  would  be 
expected  to  have  some  periodic  functional  form  containing  x  and  t. 
Thus,  would  have  the  form  of  a  sine,  cosine,  or  exponential  function 
of  x  and  t  or  a  linear  combination  of  them. 

The  most  familiar  one-dimensional  wave  equation  which  describes 
the  motion  of  transverse  waves  on  a  string  or  plane  sound  waves  in 
air  is  given  by  (Schiff,  1968). 

9t2  7  dx2  ’  (  ) 

where  y  is  the  square  of  the  wave  velocity.  If  has  the  simple  expon¬ 
ential  form 

^(x,  t)  =exp(i(kx  —  cot))  (10) 

where  k  (=  v)  and  co  are  the  wave  number  and  angular  frequency 
given  by 

o 

k  —  2/tt/X  —  —•  p  (11) 

and 

co  =  2ttv  ,  (12) 


then  y  can  be  obtained  from  (9)  as 
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(13) 


This  equation  shows  that  y  involves  the  parameter  of  motion  p  if  we 
used  the  wave  equation  of  the  form  (9).  In  order  that  y  be  free  of 
such  a  parameter,  a  wave  equation  different  from  (9)  must  be  used. 
We  notice  that  differentiating  (10)  once  with  respect  to  x  and  t  gives 
k  and  ok  respectively.  Differentiating  #  twice  with  respect  to  x  yields 
k'J  which  is  related  to  «  from  Eqs.  (11)  and  (13)  as 


hk2 

4rrm 


(14) 


This  suggests  that  if  the  wave  equation  contains  a  first  order  derivative 
of  ^  with  respect  to  t  and  2nd  order  derivative  with  respect  to  x,  the 
parameter  cf  motion  would  then  not  occur  in  the  coefficient  y.  The 
required  wave  equation  would  then  appear  as 


_  02T 

VT  y  v  V  •> 

at  cx~ 


(15) 


where  y  is  obtained  from  (10)  and  (15)  using  relation  (14) 

y  =  ih/2m  .  (16) 

This  coefficient  y  defined  by  (16)  involves  no  parameter  of  motion. 
The  reason  for  choosing  the  exponential  form  for  ^  in  (10)  and  not 
the  sine  or  cosine  function  is  now  obvious — the  sine  and  cosine  forms 
would  not  satisfy  the  wave  equation  (15).  Hence  we  are  led  to  the 
one-dimensional  form  of  the  wave  equation  for  a  free  particle  of 
mass  m 


ih 


0^ 

0t 


4i  0“4r 
2m  0X"  ’ 


(17) 


where  h.  =  h/2?r.  This  is  called  the  Schrodinger  equation  for  a  free 
particle  of  mass  m  in  one  dimension. 

One  can  now  easily  extend  the  one-dimensional  equation  to  3 
dimension.  Hence  the  3-dimensional  Schrodinger  equation  correspond¬ 
ing  to  (17)  would  have  the  form 


where 


% 


W2  = 


02 


3y2 


(18) 


(19) 
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The  3-dimensional  solution  corresponding  to  (10)  would  become 

T(r„t)  =exp(i(k*r — ■  wt) )  .  (20) 

This  particular  form  of  wave  equation  given  by  (17)  and  (18)  is 
significant  physically  in  so  far  as  its  harmonic  solution  (10)  or  (20) 

makes  the  left-hand  side  of  (18)  eT  and  the  right-hand  side  T. 

We  must,  therefore,  have 


•-h  9 

s  —  in  — — 
ct 

(21) 

and 

p  =  — ihv  9 

(22) 

where 

X7  —  •  8  _J_  •  8  11  3 

V  i  —  i  j  —  +  k  —  . 

cx  ay  cz 

(23) 

All  predicled  results  of  possible  physical  observations  must  be  expres¬ 
sible  in  terms  of  real  numbers,  and  this  will  be  a  condition  on  the 
detailed  interpretation  of  v. 

If  the  particle  is  constrained  by  some  external  force  instead  of  being 
free,  the  equation  (18)  is  slightly  changed.  If  the  system  is  conserva¬ 
tive,  i.e.,  when  the  force  acting  on  the  particle  is  derivable  from  a 
scalar  potential  function  (energy)  V,  then 

Fft  V(r,t)f  (24) 

Now  the  total  energy  of  the  system  is  the  sum  of  kinetic  and  potential 

energy,  i.e., 

e  =  |-  +  V(r,t)  (25) 

Since  V  (r,  t)  does  not  depend  on  p;  in  general  one  can  infer  from 
(21)  and  (22)  together  with  (25)  that  the  Schrodinger  equation  (18) 
can  be  generalized  for  a  particle  moving  in  a  field  of  potential  V  by 

ih  =  —  -5-  V2^  +  V  (r,  t)  Mr  :  (26) 

o  t  2m 

This  is  the  Schrodinger  wave  equation  describing  the  motion  of  a  non- 
relativistic  particle  of  mass  m  in  a  potential  field  V  given  by  (24). 
Before  we  conclude  it  is  desirable  to  make  a  remark  here.  It  may  be 
borne  in  mind  that  (26)  cannot  claim  a  high  degree  of  plausibility  as 
the  derivation  of  a  free-particle  equation  (17).  It  is,  of  course,  the 
agreement  of  solutions  of  (26)  with  the  experiment  in  particular  cases 
that  eventually  demonstrate  the  validity  and  usefulness  of  this  wave 
equation. 
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The  solution  of  the  Schrodinger  wave  equation  (26)  can  be  found 
in  any  standard  book  on  introductory  quantum  mechanics  (Pauling 
and  Wilson,  1935;  Schiff,  1968). 
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THRESHOLD  EFFECT  OF  GLUTATHIONE  ON  THE  ENDOGENOUS  NEU¬ 
RAL  ACTIVITY  OF  PERIPLANTAE  AMERICANA.  The  purpose  of  this  investi¬ 
gation  is  threefold:  to  establish  the  gross  effect  of  reduced  glutathione  on  the  neural 
activity  of  the  subesophageal  ganglion  of  Periplantae  americana,  (2)  to-  determine 
the  concentration  thresholds  of  the  effect  of  glutathione  on  the  gross  neural  activity 
and,  (3)  to  use  a  specially  constructed  pulse  rate  tachometer  system  to  record  the 
data. 

A  landmark  experiment  reported  by  W.  F,  Loomis  (1965,  Ann .  N.Y.  Acad .  Sci.3 
62:  209')  showed  that  the  ubiquitous  tripeptide  of  glutathione  specifically  affects  the 
nervous  system  of  the  hydra  as  evidenced  by  the  feeding  response-.  Rushforth  (1967, 
J.  Gen .  Physiol 50:  2884)  found  that  there  were  both  direct  and  indirect  electro- 
physiological  correlates  of  glutathione  activated  feeding  in  hydra.  He  discovered  that 
when  glutathione  inhibited  the  production  of  potentials  associated  with  tentacle  con¬ 
traction,  at  the  same  time,  it  directly  initiated  potentials  associated  with  glutathione 
induced  asymetric  tentacle  movements.  This  experiment  presents  the  first  evidence 
of  direct  electrophysio-logical  glutathione  action  that  could  be  termed  a  hormone  or 
parahormone  function.  Lenhoff  (1961,  /.  Gen .  Physiol 45:  331)  established  that 
concentrations  of  glutathione  greater  than  5  X  tO~6M  out  elicits  a  half  maximum 
response,  and  excess  concentration  cause  the  feeding  reflex  to  cease. 

The  procedure  for  experimentation  is  as  follows:  the  subesophageal  ganglion  was 
dissected  from  the  head  of  the  roach  and  mounted  in  a  capillary  tube  with  internal 
and  external  silver  wire  leads.  The  preparation  was  then  placed  in  a  constant  flow 
system  with  drug  infusion  pump.  The  flow  solution  was  a  special  Ringer-Hoyle 
solution  which  included  calcium,  potassium,  magnesium  and  sodium  ions.  The 
preparation  and  flow  system  were  encased  in  an  aluminum  foil  covered  box  to  form 
a  gaussian  surface  for  the  purpose  of  eliminating  extraneous  signals.  Neural  im¬ 
pulses  from  the  ganglion  were  amplified  by  a  factor  of  50,000',  filtered,  and  then  led 
to  a  pulse  rate  tachometer  (PRT)  circuit  designed  especially  for  this  experiment. 
The  PRT  was  constructed  from  a  Schmidt  trigger  scheme  and  designed  to  drive  a 
rapid  response  strip  chart  recorder.  The  neural  action  was  also  monitored  visually 
on  an  oscilloscope  and  audially  with  a  speaker  system.  A  tape  recording  was.  made 
of  the  activity  of  each  preparation  to-  compare  with  the  charted  data  at  a  subsequent 
time.  Some  of  the  data  was  analyzed  with  a  multi-channel  analyzer  to  study  effect 
of  the  drug  on  a  specific  size  pulse  and  frequency. 

Early  experiments  established  that  potassium  ion  concentration  had  to  be  rigidly 
controlled  since  excessive  concentration  had  an  effect  on  neural  activity  and,  if  the 
concentration  reached  10~3M,  glutathione  effect  was  masked.  It  was  further  estab¬ 
lished  by  varying  the  calcium  concentration  this  ion,  too,  affected  neural  response 
to  glutathione.  At  least  1CH5M  concentration  of  calcium  is  necessary  for  the  effect 
of  glutathione  to  be  observed.  With  this  knowledge  the  ion  concentration  of  the  flow 
solution  ph  was  carefully  monitered  for  each  preparation.  Ganglia  in  this  “normal” 
solution  produced  neural  impulses  from  which  data  could  he  gathered  for  a  period 
of  twenty-four  hours  and  longer  although  gross  activity  gradually  declined. 

Each  preparation  was  allowed  to  fire  spontaneously  for  one  hour  to  set  a  pattern 
of  activity,  then  various  drag  time  exposures  were  tried  on  the  neural  activity  to 
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establish  an  injection-wash  cycle  that  could  contrast  the  effect  of  the  glutathione 
with  activity  in  the  “normal”  solution.  Cycle  times  used  ranged  from  3-minute 
injection  followed  by  3-minute  wash  to  15-minute  inject- wash.  A  10-minute  inject 
wash  cycle  was  selected  as  the  best  to  delineate  the  difference  between  drug  effect 
and  washing  for  the  no-drug  effect.  Several  concentrations  of  glutathione  were  also 
used  in  early  experiments  in  order  to  determine  the  injection  rate  which  would 
minimize  pressure  effects  on  neural  activity  in  the  ganglion.  Drive  rates  of  the  in¬ 
fusion  pump  were  matched  with  glutathione  concentrations  in  order  that  no  changes 
in  neural  activity  arose  from  injection  pressure. 

Since  hormones  are  known  to  work  in  very  low  concentrations  one  of  the  first 
steps  in  this  investigation  was  to  determine  the  threshold  effect  on  the  endogenous 
activity,  both  the  upper  and  lower  thresholds.  Data  from  15  ganglia  showed  that  a 
1CMM  concentration  completely  damped  the  endogenous  neural  activity  in  10-min¬ 
ute  injection-wash  cycles.  The  activity  would  take  6  minutes  on  the  average  to 
re-establish  in  the  wash  cycle,  and  in  several  instances,  would  not  revive  in  the  10 
minutes.  Concentrations  of  10“5M  exhibited  a  definite  inhibitory  effect  on  the  nerve 
activity  but  never  completely  damped  the  neural  firing.  Seventeen  ganglia  exposed 
to  injection-wash  cycles  of  10-6M  displayed  the  distinct  effect  of  drug  inhibition 
while  infusing,  and  recovery  in  washing.  Cycles  repeated  for  2-hour  periods  still 
reflected  the  effect  on  the  ganglion  of  glutathione  exposure.  Ten  ganglia  treated 
with  injection- wash  cycles  of  ICHM  concentration  of  glutathione  did  not  show  the 
distinct  inhibitory  effect  of  lower  concentrations.  In  some  of  the  preparations  no 
effect  at  all  was  measured,  and  in  others  only  an  occasional  discernible  effect  could 
be  determined  by  audio,  visual  and  charted  means.  Apparently,  10_7M  Conentration 
is  the  upper  threshold  because  all  preparations  exposed  ot  concentrations  lower  than 
this  showed  no  observable  drug  effect. 

Glutathione  exists  in  the  nervous  tissue  of  the  roach  in  concentrations  larger  than 
10~8M  which  was  the  suspected  threshold,  but  since  no  inhibiting  effects  were  no¬ 
ticed  at  less  than  1Q-7M  it  is  suspected  that  interaction  with  certain  cations  may 
key  the  threshold  effect.  Once  the  threshold  was  established  further  experimentation 
was  done  with  the  solution  bathing  the  preparation.  Cation  concentration  was 
changed  to  vary  the  ph.  Solutions  with  ph  ranges  of  6.0  to  7.6  when  held  at  a  con¬ 
stant  level  did  not  significantly  change  10"6M  glutathione  effects  indicating  that  at 
this  particular  drug  concentration  cation  interaction  was  minimal. 

Compounds  similar  to  glutathione  were  also  tested  for  general  effect  on  gross 
neural  activity  and  for  threshold  values.  Gamma-glutamycysteine  and  glycylcys- 
teine  did  not  show  the  action  of  glutathione  on  the  spontaneous  activity  in  concen¬ 
trations  of  10-5M  and  10“6M.  This  lends  further  support  to  the  contention  that  it  is 
the  tripeptide  reduced  glutathione  specificity  causing  inhibition  of  poikilothermic 
nervous  activity.  Asparthione  was  not  available  for  experimentation  to  compare  ef¬ 
fects. 

The  effect  of  glutathione  on  the  spontaneous  neural  activity  was  not  related  to 
the  gross  behavior  of  the  roach,  nor  were  any  in  vivo  studies  made  at  this  time. 
However,  the  definite  effect  of  10~5M,  1(T6M  concentrations  on  the  firing  rate  of 
neurons  in  the  ganglion  would  obviously  affect  that  portion  of  the  insect  body  con¬ 
trolled  by  the  subesophageal  nerve  system.  The  overall  observation  of  glutathione 
effect  more  closely  resembles  the  reverse  action  of  adrenalin  rather  than  various  | 
insecticide  components  such  as  DDT  used  in  the  same  laboratory  in  previous  experi¬ 
ments  with  the  endogenous  neural  frequency  and  pulse  size  of  the  subesophageal  : 
ganglion  activity.  The  glutathione  effect  cannot  be  termed  hormonal  because  (1)  j 
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the  activator  molecule  comes  from  without  rather  than  within  in  the  case  of  a  true 
hormone,  (2)  the  transmission  of  the  glutathione  is  from  the  external  environment 
rather  than  internal,  and  (3)  we  do  not  know  that  the  action  is  organ  specific 
whereby  it  works  on  the  nervous  tissue  alone.  Glutathione  is  known  to  be  in  all  ani¬ 
mal  tissue  but  its  action  mechanism  in  nerve  impulse  transmission  is  not  fully  under¬ 
stood.  Its  effect  on  endogenous  neural  firing  rate  might  be  termed  “parahormonal” 
in  that  it  acts  like  a  hormone  and  has  an  action  more  similar  to  hormones  than  other 
agents  tested. 

Certain  insecticides  are  based  on  the  action  of  interruption  of  nerve  impulse  trans¬ 
mission  in  insects.  Knowledge  of  how  hormones  and  hormone-like  substances  affect 
the  mechanism  of  impulse  propagation  and  transmission  can  help  to  develop  more 
effective  neurotoxic  agents.  O.  L.  Dorsey ,  Southwest  Texas  State  University ,  San 
Marcos. 


DIURNAL  FEEDING  RHYTHM  OF  NOTROP1S  LUTRENSIS  BAIRD  AND 
GIRARD.  The  Red  Shiner,  Notropis  lutrensis  Baird  and  Girard,  is  one  of  the  most 
abundant  species  of  fish  in  southwestern  North  America  (Hubbs  and  Strawn,  1956, 
Evol.  10(4):  341-344)  and  is  often  used  in  experimental  studies.  Large  populations 
of  TV.  lutrensis ,  in  close  proximity  to  The  University  of  Texas  at  Austin,  made  this 
species  suitable  for  a  simplistic  experiment  designed  to  investigate  one  aspect  of  fish 
behavior:  diurnal  feeding  rhythm. 

Although  generalizations  about  feeding  rhythm  of  the  genus  might  be  made  from 
a  study  of  one  species,  such  extrapolation  should  be  done  with  caution.  Feeding  be¬ 
havior  is  largely  species  specific;  and  diurnal  feeding  rhythm  is,  according  to  G.  V. 
Nikolsky  (1963,  The  Ecology  of  Fishes,  Academic  Press,  N.Y.),  a  reflection  of  the 
method  of  orientation  toward  food  items.  The  immediate  value  of  knowledge  about 
feeding  rhythm  is  often  limited  to  providing  information  on  the  relative  occurrence 
of  feeding  periods  (Darnell  and  Meierotto,  1962,  Trans.  Amer.  Fish.  Soc.,  91:  313- 
320). 

The  population  of  TV.  lutrensis  examined  during  this  study  inhabited  the  Colorado 
River  approximately  5  miles  east  of  Bergstrom  Air  Force  Base.  In  the  sampling  area 
the  river  was  less  than  100  feet  wide  with  a  fast  midstream  current.  The  fish  were 
collected  in  quiet  water  along  the  shore  in  the  region  corresponding  to  the  littoral 
and  limnetic  zones.  This  type  of  habitat  has  been  established  as  typical  for  this 
species  by  Hubbs,  et  al.  (1953,  Tex.  J.  Sci .,  5(2):  216-244)  and  by  Gilbert  (1961, 
Copeia,  1961  (2):  181—192). 

Specimens  were  collected  at  2-hour  intervals  for  24  hours  beginning  at  0600  hours 
(C.S.T.)  on  11  April  1970;  captured  fish  were  preserved  in  a  10%  formalin  solution. 
All  specimens  were  taken  from  the  same  area  and  were  captured  using  a  10-foot 
seine  with  a  %  inch  mesh.  Seine  time  was  equalized  by  limiting  each  sample  to  3 
traverses  of  15  to  20  feet  each.  Table  1  contains  sample  sizes  for  each  time  interval. 

The  fish  were  examined  the  week  of  13  April  1970.  The  standard  length  of  each 
fish  was  recorded  prior  to  opening  the  body  wall  and  stomach.  Stomach  content  was 
recorded  as  Empty,  Full,  or  Partially  Full.  A  graph  of  the  percent  of  each  sample 
with  empty  stomachs  and  full  stomachs  is  presented  in  Figure  1.  The  difference 
between  percent  empty  and  percent  full  at  any  sample  period  represents  the 
percent  of  each  sample  with  partially  full  stomachs  at  that  sample  period. 

Most  individuals  of  this  species  had  empty  stomachs  during  the  late  night  and 
early  morning  hours.  There  was  some  indication  that  feeding  activity  (as  reflected 
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Table  1 


Sample  Time 

Sample  Size 

0600 

4 

0800 

36 

1000 

34 

1200 

38 

1400 

38 

1600 

38 

1800 

38 

2000 

36 

2200 

11 

2400 

38 

0200 

No  Data 

0400 

No  Data 

0600 

12 

by  stomach  content)  began  in  the  twilight  period  before  sunrise  (see  Fig.  1).  In  the 
first  sample  at  0600  hours,  75%  of  the  individuals  had  empty  stomachs.  Less  than 
25%  of  the  sample  had  empty  stomachs  between  0800  hours  and  1000  hours;  over 
50%  of  the  specimens  had  full  stomachs.  In  the  final  sample  at  0600  hours,  83%  of 
the  individuals  had  empty  stomachs.  There  was  no  indication  that  feeding  activity 
was  related  to  body  size. 

The  majority  (empirical  estimate,  80%)  of  the  food  was  plant  material  (algae). 
No  attempt  was  made  to  determine  what  degree  zooplankters  were  utilized  as  food 
sources,  but  they  were  evidently  dietary  components.  Insect  larvae  were  found  with 
some  regularity  in  the  stomachs  of  fish  with  a  standard  length  over  33  ±  3  mm. 

FIGURE  I 


—  FULL  STOMACHS 
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Algae,  however,  were  still  the  predominant  food  items.  Insect  larvae  were  not 
present  in  the  stomachs  of  fish  measuring  less  than  27  ±  3  mm. 

The  occurrence  of  insect  larvae  in  the  diet  of  the  larger  fish  supports  the  general 
findings  of  Nikolsky  (op.  cit.),  Smith  and  Dramer  (1964,  Trans.  Amer .  Fish.  Soc., 
93:  35-45)  and  Fuchs  (1967,  Trans.  Amer.  Fish.  Soc.,  96:  247-256).  The  failure  of 
the  smaller  fish  to  utilize  this  food  source  may  be  related  to  the  relative  size  of  the 
mouth  of  young  fry.  The  insect  larvae  were  too  large  for  the  smaller  fish  to  capture. 

The  use  of  the  stomach  content  of  various  sizes  of  fish  as  an  indicator  of  the  feed¬ 
ing  periods  required  the  assumption  that  the  digestive  rates  for  the  same  food  were 
similar  for  different  sized  shiners.  Although  this  has  not  been  experimentally  proven 
for  cyprinids,  Seaberg  and  Moyle  (1964,  Trans.  Amer.  Fish.  Soc.,  93:  269-285) 
found  a  similar  relationship  for  centrarchids. 

The  analysis  of  stomach  content  strongly  suggests  that  this  species,  at  least  the 
population  sampled,  usually  feeds  during  the  daylight  hours.  The  presence  of  a  small 
number  of  individuals  with  fresh  stomach  contents  at  the  0600  hours  sample  periods 
indicates  that  there  may  be  some  degree  of  crepuscular  feeding  activity. 

There  is  a  general  trend  of  greatest  feeding  activity  in  the  morning  and  a  decline 
in  feeding  during  the  day;  however,  there  were  2  exceptions  (1800  hours  and  2200 
hours).  In  both  cases  the  samples  reflected  periods  of  activity  similar  to  the  mid¬ 
morning  level  of  heavy  feeding.  The  samples  taken  at  the  previous  periods  (1600 
hours  and  2000  hours)  indicated  low  levels  of  feeding  activity. 

The  experimental  technique  did  not  examine  the  rate  of  accumulation  of  food  in 
the  stomach,  the  exact  types  of  food  in  the  diet  of  various  sized  specimens,  the  rela¬ 
tive  rates  of  digestion  of  the  different  food  items,  or  the  water  temperature  and 
chemistry.  All  of  these  factors  need  to  be  included  for  a  more  complete  study  of  the 
feeding  behavior  and  chronology.  Robert  H.  Harwood,  Department  of  Zoology ,  The 
University  of  Texas  at  Austin,  Austin  78712.  Present  address:  Department  of 
Zoology,  University  of  California,  Los  Angeles  90024.  Accepted  for  publication: 
June  24,  1971. 

AN  ARTIFACT  OF  ALIBATES  DOLOMITE  FROM  THE  RIO  GRANDE  PLAIN. 
This  note  documents  the  discovery  of  an  end-scraper  made  of  Alibates  silicified  dol¬ 
omite  at  an  archaeological  site  on  the  Rio  Grande  Plain  of  southern  Texas.  The 
source  of  this  silicified  or  agatized  dolomite  is  found  in  what  is  now  the  Alibates 
National  Monument  on  the  Canadian  River,  northern  Texas  (Fig.  1).  These  de¬ 
posits  were  quarried  for  many  centuries  and  artifacts  of  the  distinctive  materials 
are  widespread;  examples  are  known  from  New  Mexico,  Arizona,  Colorado,  Kansas, 
Oklahoma,  Wyoming  and  Montana  (Witte,  1947,  Bull.  Tex.  Archeol.  and  Paleon. 
Soc.,  18:  79-80;  Bryan,  1950,  Peabody  Mus.  Amer.  Archaeol.  and  Ethnol.,  27(3); 
Shaeffer,  1958,  American  Antiquity ,  24(2):  189-191;  Honea,  1965,  Mus.  N.M. 
Press,  Pop.  Ser.  4(2);  Mewhinney,  1965,  Tex.  Parks  and  Wild.,  23(8):  20-23).  The 
archaeological  literature  does  not  record  the  presence  of  any  artifacts  made  of  Ali¬ 
bates  dolomite  in  the  southern  part  of  Texas.  However,  I  have  collected  an  end- 
scraper  from  the  surface  of  site  41  DM  14  (SW  Dimmit  Co.;  see  Fig.  1)  made  of 
red-banded  Alibates  material.  The  identification  of  the  Alibates  material  is  based 
on  comparisons  (conducted  by  the  author  and  Harry  J.  Shafer)  with  source  sam¬ 
ples  on  file  at  the  Texas  Archeological  Research  Laboratory,  Austin.  Similar  sili¬ 
ceous  minerals  are  known  from  Burro  Mesa  in  the  Texas  Big  Bend  (J.  E.  Corbin, 
pers.  comm.)  but  they  do  not  readily  compare  with  the  specimen  discussed  here. 
The  scraper  (Fig.  2)  is  50.5  mm.  long,  29  mm.  wide  and  7  mm.  thick.  The  lateral 
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edges  of  the  piece  are  retouched  and  all  edges  (including  the  edge  of  the  faceted 
striking  platform)  are  dulled.  I  have  long  known  of  the  site  from  which  the  speci¬ 
men  was  obtained  and  there  is  no  chance  that  it  was  introduced  in  post-aboriginal 
times. 

The  site  at  which  the  specimen  was  collected  lies  ca.  535  mi.  S.  of  the  Alibates 
quarries.  The  piece  is  another  in  a  growing  series  of  artifacts  known  to  be  intrusive 
in  the  southern  Texas  area.  Those  include  Southwestern  ceramics  (Orchard  and 
Campbell,  1960,  Tex.  Archeol.,  4(2):  7-8;  Hester  and  Hill,  1969,  Artifact,  El  Paso 


Fig.  1 .  Location  of  the  Alibates  quarry  and  site  41  DM  1 4. 


0  30 

U _ _ _ —I 

mm. 


Fig.  2.  End-scraper  of  Alibates  dolomite  collected  at  site  41  DM  14. 
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Archeol.  Soc.,  7(3):  11-15),  Gulf  of  Mexico  marine  shells  and  artifacts  made  from 
them  (Hester,  1970,  Tex.  Jour.  Sci.,  22:  87-88)  and  objects  from  the  Huasteca  and 
NE  Mexico  (Mason,  1935,  Bull.  Tex.  Archeol.  and  Paleon.  Soc.,  7:  29^16;  Krieger, 
1953,  Soc.  Mex.  Antro .,  9(2):  497-518;  Hester,  1969,  Bull.  Tex .  Archeol.  Soc.,  40: 
157-166).  In  addition,  there  have  been  recent  discoveries  of  obsidian  flakes  (in 
Dimmit  County)  and  a  group  of  artifacts  derived  from  Mexican  contexts  (in  La 
Salle  County). 

Such  a  number  of  exotic  specimens  certainly  indicates  either  extensive  travel  or 
trade  relationships  between  south  Texas  groups  and  peoples  of  other  areas.  It  is 
tempting  to  hypothesize  the  existence  of  prehistoric  trade  networks  in  the  region; 
but  until  all  of  the  intrusive  examples  noted  here  are  thoroughly  investigated,  we 
can  be  certain  only  that  the  native  population  of  the  Rio  Grande  Plain  had  avenues 
of  exchange  or  communication  with  other  cultural  groups.  Analyses  of  the  early 
obsidian  trade  in  both  the  Old  and  New  Worlds  has  forcefully  pointed  out  the  ex¬ 
istence  of  broad  intercultural  contacts  among  ancient  groups  (Renfrew,  et  al .,  1966, 
1968,  Proc.  Prehist.  Soc.,  32  and  35;  Griffin  et  al. ,  1969,  American  Antiquity ,  34(1) : 
1-15;  Hester  et  al.,  1971a,  1971b,  Contrib.,  U.  C.  Archaeol.  Res.  Fac .,  13).  Thomas 
Roy  Hester ,  Department  of  Anthropology,  University  of  California,  Berkeley  94720. 
Accepted  for  publication  September  21,  1971. 
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Ecological  Examination  of  a  Satellite  City 

by  JAMES  E.  McSWEEN 

Rt.  3,  Smallwood  Drive 

Knoxville ,  Tennessee  37920 

INTRODUCTION 

In  addition  to  central  cities  and  suburbs,  ecologists  are  interested  in 
furthering  their  knowledge  with  regard  to  satellite  cities.  Nevertheless, 
insufficient  attention  has  been  focused  on  these  cities,  their  roles  as 
subsystems  within  the  configuration  of  the  larger  urban  area,  and 
their  roles  as  separate  urban  units.  It  is  perhaps  unfortunate  that 
satellite  cities  have  been  given  the  rather  picturesque  name  of  being 
“bedroom”  towns  (Gist  and  Fava,  1965).  Such  an  oversimplification 
can  easily  lead  urban  analysts  to  direct  their  attention  to  other  more 
complicated  aspects  of  the  urban  scene  which  they  feel  may  be  more 
worthy  of  their  attention  and  investigation.  Also,  such  a  description 
of  the  satellite  city  does  not  take  into  account  the  fact  that  satellite 
cities  may  manifest  a  relatively  large  amount  of  commerce,  the  fact 
that  they  may  provide  numerous  services  other  than  those  relegated 
to  the  bedroom,  and  the  fact  that  they  may  provide  a  wide  spectrum  of 
functions,  ranging  from  educational,  recreational,  governmental,  to 
medical  and  other  welfare  services. 

Therefore,  further  study  of  the  satellite  city  may  yield  a  rich 
abundance  of  information  which  can  be  added  to  the  present  body  of 
knowledge  concerned  with  urban  areas  and  the  urban  scene  in  general. 
Although  the  present  paper  does  not  purport  to  add  anything  of  great 
importance  to  the  above  body  of  knowledge,  it  is  hoped  that  it  may 
suggest  certain  questions  regarding  the  satellite  city  which  deserve  to 
be  answered  through  empirical  research. 

This  paper  explores  certain  ecological  aspects  of  Plains  City  (the 
name  is  fictitious  in  deference  to  the  residents  of  the  community),  a 
satellite  of  a  large  metropolitan  city  located  in  the  Texas  Panhandle. 
The  following  ecological  description  of  Plains  City  will  entail  cursory 
descriptions  based  on  Duncan’s  (1959)  4  ecological  elements,  includ¬ 
ing  environment,  population,  technology,  and  organization,  plus  a 
5th  element,  social  psychological  aspects,  contributed  by  Gist  and 
Fava  (1965). 

The  Texas  Journal  cf  Science,  Vol.  XXIV,  No.  1,  July,  1972. 
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ENVIRONMENT 

Plains  City  is  located  on  the  southern  side  of  a  small  branch-canyon 
which,  along  with  a  small  creek,  runs  into  a  much  larger  canyon. 
Another  smaller  creek  flows  south  of  Plains  City.  Except  for  very  rare 
flooding  (which  could  be  controlled  through  the  building  of  earth 
dams),  all  the  land  in  and  around  Plains  City  is  usable,  and  most  of 
the  land  is  comparatively  level. 

The  climate  in  Plains  City  is  rather  dry,  with  an  average  rainfall  of 
approximately  21  inches  per  annum.  The  relative  humidity  remains 
low  for  much  of  the  year,  occasionally  dropping  below  10%.  The 
wind  blows  almost  constantly  from  the  southwest.  It  is  usually  rather 
strong  and  dry,  sometimes  reaching  as  high  as  30  m.p.h.  under  rela¬ 
tively  normal  conditions — in  stormy  conditions,  it  may  rise  as  high 
as  50  or  60  m.p.h. 

Mild  dust  storms  (not  so  severe  as  those  of  the  1930’s)  occur  an 
average  of  3  or  4  times  per  year.  The  topsoil  is  composed  of  a  very  fine 
sand — of  an  almost  dust-like  consistency.  Therefore,  water  either 
filters  through  or  drains  off  too  rapidly  for  much  moisture  to  be 
retained  near  the  surface.  Under  these  circumstances,  the  lawns  and 
trees  are  watered  almost  continually  from  early  spring  through  late 
fall  by  the  more  conscientious  home  owners.  The  temperatures  in 
Plains  City  generally  range  from  slightly  below  zero  (Fahrenheit)  on 
the  coldest  days  of  the  winter  to  100°  or  more  on  the  hottest  summer 
days.  However,  the  nights  in  Plains  City  are  comfortable  to  slightly 
cool  during  the  summer  months. 

Plains  City  is  situated  over  a  subterranean  lake  which  lies  under  a 
large  part  of  the  plains  area  of  the  Panhandle.  However,  this  water 
reserve  is  rapidly  being  exhausted  due  to  irrigation  in  the  area  and  the 
increased  water  needs  of  the  growing  Panhandle  population.  There¬ 
fore,  a  number  of  people  have  formed  an  organization,  called  Water, 
Inc.,  to  explore  means  to  circumvent  this  impending  danger.  Solutions 
they  have  considered  include  the  building  of  a  series  of  reservoirs  along 
rivers  and  streams  in  the  area,  and  a  grand  plan  to  construct  a  canal 
to  transport  water  from  the  Mississippi  River. 

One  last  environmental  factor  facing  Plains  City  and  the  Panhandle 
area  is  the  fact  that  tornados  are  a  threat  to  the  area,  mainly  in  the 
spring  but  also  through  late  fall.  Although  no  tornado  has  struck 
directly  within  Plains  City  in  recent  years,  they  have  struck  fairly 
close  and  they  have  been  observed  skipping  over  the  city.  The  highway 
patrol,  in  conjunction  with  area  radio  and  television  stations,  has 
developed  a  fairly  adequate  warning  system.  Also,  the  local  schools 
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conduct  tornado  drills,  and  many  of  the  homes  are  equipped  with 
storm  or  fallout  cellars. 

Thus,  it  is  apparent  that  Plains  City’s  major  environmental  prob¬ 
lems  are  more  nearly  problems  indigenous  to  the  whole  Panhandle 
area.  In  general,  the  people  have  adapted  fairly  well  to  a  rather  arid 
existence.  Most  people  have  air  conditioners  and/or  humidifiers  in 
their  homes,  air  conditioners  in  their  cars,  and  they  irrigate  exten¬ 
sively.  Through  irrigating  and  planting  cover  crops,  the  area  farmers 
have  limited  the  previously  existing  dust  problem  of  the  1930’s.  Never¬ 
theless,  the  major  environmental  problems  appear  to  be  interrelated 
and  appear  to  take  on  a  circular  effect.  The  more  the  people  irrigate 
and  use  the  water  to  maintain  greenery,  to  combat  the  dust,  and  to 
satisfy  personal  needs,  the  more  they  deplete  the  surface  and  sub¬ 
terranean  water  reserves.  If  this  problem  is  not  remedied  within  the 
next  several  years,  the  Panhandle  may  likely  be  faced  with  dust  bowl 
conditions  once  again. 

As  one  final  point  with  regard  to  environmental  factors,  the  trans¬ 
portation  facilities  serving  Plains  City  and  the  surrounding  area 
appear  to  act  as  environmental  influences  contributing  to  ecologi¬ 
cal  divisions  within  the  community.  There  are  2  state  farm-to-market 
roads,  2  major  highways,  and  one  railroad  serving  Plains  City  and  the 
area.  One  major  highway  links  Plains  City  with  the  large  metropolitan 
city,  and  links  both  cities  with  the  farms  and  ranches  to  the  south.  The 
2nd  major  highway  links  Plains  City  with  a  smaller  community  which 
may  be  viewed  as  a  satellite  of  Plains  City.  The  railroad  not  only  links 
Plains  City  with  the  larger  metropolitan  city,  but  with  the  much 
broader  ‘‘outside  world.”  The  2  farm-to-market  roads  serve  to  tie  the 
surrounding  farms  and  ranches  first  to  Plains  City,  then  indirectly  to 
the  larger  metropolitan  city. 

Nonetheless,  the  2  major  highways  and  the  railroad  serve  other 
ecological  functions.  One  major  highway  bisects  the  city,  thus  segre¬ 
gating  the  local  university  and  most  persons  associated  with  it  from 
the  majority  of  other  members  of  the  community.  The  2nd  major 
highway  segregates  upper  class  homes  from  the  rest  of  the  community. 
The  railroad  passes  through  one  side  of  the  present  community  and  is 
surrounded  on  both  sides  by  older,  more  run-down  residences.  There¬ 
fore,  the  transportation  lines  appear  to  take  on  the  environmental 
effect  of  serving  as  social  boundaries  separating  persons  of  different 
social  class,  occupation,  and  interest;  social  barriers  to  movement  in 
certain  directions;  and  as  a  social  focal  point  (in  the  case  of  the  rail¬ 
road)  around  which  persons  who  cannot  or  will  not  move  to  other  parts 
of  the  community  aggregate. 
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POPULATION 

The  population  of  Plains  City  numbers  approximately  10,000  per¬ 
sons.  It  is  predominately  white,  Protestant,  and  Anglo-American.  A 
number  of  persons  are  Catholic;  however,  there  are  only  a  few  who 
are  Negro,  Latin  or  Spanish- American,  or  Jewish. 

Although  there  are  a  number  of  the  above  minorities  in  the  student 
population  of  the  local  university,  their  highly  transient  and  tempor¬ 
ary  nature,  and  the  “suit  case”  quality  of  the  student  population  as  a 
whole — with  at  least  half  of  the  student  body  commuting  from  out-of- 
town  each  day — make  the  impact  of  the  student  body  and  its  minority 
groups  upon  the  social  structure  of  the  community  of  permanent  resi¬ 
dents  relatively  inconsequential.  The  major  contributions  of  the  stu¬ 
dent  body,  including  persons  from  minority  groups,  are  in  the  form  of 
cheap  labor,  trade  with  local  store  owners,  building  and  growth  on 
the  university  campus,  and  contributions  to  the  university’s  sports 
program.  Thus,  the  students,  in  a  very  real  sense,  contribute  to  the 
monetary  level  of  the  community,  but  they  have  little  effect  upon 
other  aspects  of  the  city.  They  are  not  considered  by  the  permanent 
residents  of  the  city  to  be  members  of  its  population. 

Although  it  may  be  said,  in  a  very  general  way,  that  the  upper  class 
resides  in  the  northwestern  part  of  the  city,  the  upper  middle  class 
(with  a  sprinkling  of  upper  class)  resides  in  the  south  and  south¬ 
eastern  part  of  town,  and  the  lower  class  resides  along  the  railroad, 
these  social  divisions — although  existing  and  influencing  the  com¬ 
munity  in  many  ways — are  not  so  important  to  this  analysis  as  3 
other  social  divisions.  These  3  divisions  include  farmer-ranchers,  uni¬ 
versity  people,  and  the  townspeople. 

While  it  is  true  that  the  farmer-rancher  resides,  in  the  main,  ex¬ 
ternal  to  the  political  boundaries  of  the  city,  his  relatively  permanent 
residence  in  the  proximity  of  the  city,  his  economic  and  social  contri-  i 
butions  to  and  dependence  on  the  city,  and  the  cross-linkages  between  . 
the  farmer-rancher,  the  university  people,  and  the  townspeople  all 
combine  to  give  the  farmer-rancher  a  position  within  the  social  struc-  , 
ture  of  the  community  which  cannot  be  ignored.  Also,  since  the  |i 
families  of  a  number  of  the  present  farmer-ranchers  were  some  of  the  j 
earliest  settlers  here,  they  have  historically  influenced  the  growth  and  \ 
development  of  the  community  and  exercise  such  influence  even  today. 

j; 

TECHNOLOGY 

As  previously  shown,  the  environment  of  the  Plains  City  area  has 
required  or  encouraged  certain  technological  adjustments  and  develop¬ 
ments  by  the  residents  of  the  area.  The  residents  of  Plains  City  have 
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adapted  to  the  prevailing  dryness  by  installing  air  conditioners  in 
many  of  their  cars  and  homes,  humidifiers  in  their  homes,  and  by 
extensively  irrigating  their  lawns.  Many  of  the  residences  have  high 
wooden  fences  affording  their  inhabitants  some  privacy  and  protection 
from  wind  and  dust.  This  also  cuts  the  drying  effect  of  the  wind  on  the 
lawns.  Many  of  the  homes  are  carpeted  throughout — probably  as  a 
means  to  reduce  the  dust  problem.  Women  are  seldom  seen  without 
scarves  to  protect  their  hair  from  the  wind,  and  skin  oils  are  well 
stocked  Commodities  in  the  stores.  Most  of  the  local  businesses,  offices, 
and  most  of  the  university  buildings  are  air  conditioned.  The  local 
businesses  are  generally  of  the  service  type:  gasoline  stations,  depart¬ 
ment  stores,  grocery  stores,  cafes,  hardware  stores,  furniture  and 
appliance  stores,  etc. 

The  automobile  is  very  extensively  used,  and  people  are  infre¬ 
quently  seen  walking  other  than  to  and  from  their  cars.  The  exception 
to  this  is  the  university  people — female  dormitory  students  frequently 
walk  to  shopping  areas,  and  some  of  the  faculty  walk  to  the  university 
or  pursue  the  fad  of  “jogging.” 

Although  many  of  the  residences  of  the  farmer-ranchers  have  simi¬ 
lar  features  (including  storm  cellars)  as  homes  found  within  the 
corporate  limits  of  Plains  City,  technological  adjustments  to  the 
farmer-rancher's  occupation  and  way  of  life  are  more  apparent.  The 
countryside  is  dotted  with  windmills  and  electric  pumps  for  watering 
the  cattle  and  for  irrigation  purposes.  Also,  some  of  the  wealthier 
farmer-ranchers  have  very  extensive  and  costly  pipe  systems  for  irri¬ 
gating  their  vast  holdings.  Many,  if  not  most,  of  the  farmer-ranchers 
have  a  large  array  of  trucks,  huge  tractors,  harvesters,  and  other 
mechanized  farm  machinery.  Finally,  the  most  obvious  technical 
adaptation  of  the  farmer-rancher  to  his  environment  is  his  plot  of 
trees  and  his  windmill  with  its  accompanying  water  tank  adjacent  to 
his  home.  Such  virtually  speckle  the  entire  Panhandle  plains  area. 
The  windmill  and  water  tank  satisfy  his  personal  needs  for  water, 
while  the  trees  afford  him  some  minor  protection  from  the  elements. 
One  might  speculate  that  the  trees  serve  to  symbolize  the  farmer- 
rancher’s  hope  that  if  the  trees  can  survive  this  arid  and  sometimes 
bleak  environment,  he  along  with  his  stock  and  crops  may  do  likewise 
- — however,  such  speculation  is  without  empirical  foundation.  If  the 
trees  are  symbolic  of  anything,  they  symbolize  the  farmer-rancher’s 
determination  to  persevere  and  to  master  his  environment. 

ORGANIZATION 

The  social  divisions  of  farmer-rancher,  university  people,  and 
townspeople  offer  numerous  clues  to  Plains  City’s  organization.  For 
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one  thing,  there  are  stratified  positions  within  each  of  these  3  divisions 
which  appear  to  be  based  on  wealth,  education,  occupation,  and  occu¬ 
pational  position. 

Those  farmer-ranchers  who  are  more  successful,  have  larger  land 
and  cattle  holdings,  or  have  inherited  their  wealth,  are  ranked  higher 
socially  than  are  those  who  are  less  wealthy  and/or  less  successful. 
The  rancher  is  generally  more  highly  esteemed  than  the  farmer.  In 
fact,  most  of  the  people  within  this  division  prefer  to  be  known  as 
ranchers  rather  than  as  farmers.  Nonetheless,  with  the  present  empha¬ 
sis  on  diversification,  it  is  somewhat  difficult  (if  not  impossible)  to 
distinguish  the  2  categories.  In  this  area,  little  basis  exists  for  making 
such  distinctions. 

Among  the  university  people,  those  persons  holding  higher  positions 
in  the  university  are  generally  accorded  higher  status.  Also,  those 
holding  higher  degrees  are  given  higher  status  than  holders  of  lower 
degrees.  Finally,  those  whose  activity  has  been  outstanding  in  some 
way — within  the  university  or  external  to  it — or  those  who  have 
gained  wealth,  are  consigned  higher  status.  Although  those  who  hold 
the  doctorate  are  generally  more  highly  esteemed,  given  higher  rank 
in  the  university  structure,  and  receive  higher  salaries  than  non- 
doctoral  personnel,  the  doctor’s  title  is  not  emphasized — even  in  rela¬ 
tions  with  lower  ranked  persons.  First  names  are  generally  preferred 
in  most  faculty  relationships,  with  the  exception  of  official  business 
and  documents.  In  general,  connection  with  the  university  automati¬ 
cally  carries  with  it  certain  social  advantages  in  both  Plains  City  and 
the  larger  metropolitan  city. 

Wealth,  occupation,  and  education  appear  to  be  major  determinants 
of  social  rank  among  townspeople.  Doctors,  dentists,  lawyers,  and 
bankers  are  apparently  ranked  highest,  closely  followed  by  persons 
owning  real  estate  agencies  and  business  owners.  Nevertheless,  class 
boundaries  are  rather  blurred  and  class  distinctions  are  underplayed 
with  the  exception  of  location  of  home,  size  and  quality  of  home,  and 
type  of  automobile.  As  with  the  university  personnel,  first  names  are 
generally  preferred  to  official  titles  (except  for  doctors  and  dentists),  j 

In  the  combined  community  of  interrelationships  involving  the  3 
major  social  divisions,  university  people  are  generally  accorded  a  high 
degree  of  respect  and  social  prestige  from  both  farmer-ranchers  and 
from  townspeople.  However,  since  the  university  has  a  rather  high 
turnover  rate — approaching  20%  per  year — and  since  incoming  fac-  « 
ulty  members  bring  with  them  a  wide  diversity  of  backgrounds  and 
hold  different  and  ofter  rather  liberal  views,  the  townspeople  are  \ 
generally  careful  to  limit  the  political  power  of  university  people. 
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Very  few  of  the  faculty  have  ever  held  political  positions  in  the  com¬ 
munity . -and  then  only  those  who  were  native  to  the  area  or  longtime 

residents  in  the  community.  Conversely,  few  of  the  faculty  have  shown 
much  concern  for  local  politics  or  political  issues.  The  university 
people  have  shown  more  concern  for  fostering  “ cultural”  activities 
within  the  community. 

Therefore,  it  appears  that  the  townspeople,  bolstered  by  the  farmer- 
ranchers  hold  the  political  power  within  the  community;  the  uni¬ 
versity  people  along  with  certain  of  the  townspeople  are  the  socially 
elite;  and  the  farmer-ranchers,  through  their  support  of  and  depen¬ 
dence  on  both  the  university  and  the  town,  are  the  base  which  permits 
the  other  2  subsystems  to  flourish. 

A  paradoxical  relation  exists  between  these  3  subsystems.  If  any 
one  of  the  3  subsystems  were  to  completely  withdraw  its  support  from 
the  others,  the  system  would  be  in  grave  danger  of  collapse.  Neverthe¬ 
less,  tensions  and  strains  of  large  proportions  exist  between  the  social 
divisions.  Mistrust,  disdain,  and  even  hostility  appear  inherently 
present  (overtly  or  covertly)  in  many  of  the  situations  where  members 
of  these  subsystems  come  into  contact.  Such  has  acted  to  limit  potential 
interaction  and  the  amount  of  worthwhile  communication  between 
these  social  divisions.  This  is  particularly  apparent  in  at  least  one  local 
church  which  has  been  fractured  in  the  past  by  the  opposing  factions 
of  the  farmer-ranchers  on  the  one  hand  and  the  university  people  on 
the  other.  The  tensions  and  stresses  are  also  apparent  whenever  the 
university  people  discuss  why  they  prefer  to  drive  to  the  larger  metro¬ 
politan  city  to  shop  rather  than  to  trade  more  frequently  with  the 
local  merchants. 

Nevertheless,  cross-linkages  serve  to  soften  the  above  tensions  and 
strains  for  the  total  community  configuration.  In  fact,  with  the  excep¬ 
tion  of  the  economic  interdependence  of  the  3  subsystems  on  one 
another,  the  cross-linkages  serve  as  the  major  integrative  force  foster¬ 
ing  the  fitting  together  of  these  unlike  parts  into  the  community 
system.  The  cross-linkages  between  the  farmer-ranchers,  the  uni¬ 
versity  people,  and  the  townspeople  take  many  forms,  including: 
ownership  of  homes,  farms,  or  ranches  outside  the  city  by  some  towns¬ 
people  and  university  people;  some  farmer-ranchers5  owning  rental 
property  and/or  living  within  the  city;  some  residentially  mixed 
neighborhoods  in  the  townspeople  and  university  sectors  of  town;  some 
trading  with  local  merchants  and  business  owners  by  both  farmer- 
ranchers  and  university  people  (although  both  may  also  frequently 
trade  in  the  larger  metropolitan  city) ;  the  fact  that  the  townspeople 
are  aware  of  their-  monetary  dependence  upon  university  people 
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(including  students)  and  farmer-ranchers;  the  fact  that  a  number  of 
university  people  and  townspeople  grew  up  on  farms  and  ranches;  the 
fact  that  a  number  of  university  people  are  native  to  the  area  and/or 
have  been  long-term  residents  of  Plains  City;  the  fact  that  the  system 
is  crisscrossed  with  close,  personal  intersubsystem  relationships;  and 
the  fact  that  all  3  groups  send  their  children  to  the  same  schools — 
including  the  university,  go  to  the  same  churches,  and  may  even 
belong  to  the  same  service  social  clubs. 

Thus,  the  community  appears  to  maintain  a  close  balance  between 
stresses  and  strains  emerging  from  dissimilarities  between  the  3  sub¬ 
systems  and  the  softening  effects  of  its  cross-linkages.  It  should  be 
noted  that  not  all  organizations  within  the  community  are  of  the 
inclusive  type  with  members  coming  from  all  social  divisions.  Each 
division  has  certain  organizations  which  are  more  or  less  exclusive  to 
outside  memberships.  Therefore,  all  organizations  in  the  community 
are  seen  to  exert  pressures  toward  either  maintaining  and  strengthen¬ 
ing  the  stresses  and  strains  between  the  social  divisions  or  softening 
the  effects  of  these  stresses  and  strains. 

SOCIAL  PSYCHOLOGICAL  ASPECTS 

In  order  to  fully  undertand  the  social  psychological  aspects  of  Plains 
City,  it  is  necessary  to  have  some  knowledge  of  certain  historical  events 
affecting  the  city,  the  area,  and  the  prevailing  cowboy  culture.  For 
one  thing,  this  area  was  one  of  the  last  to  be  settled  by  pioneers  (about 
the  turn  of  the  century) .  Also,  many  of  the  present  inhabitants  of  the 
area  remained  here  during  the  adverse  and  heartbreaking  dust  bowl 
days  of  the  1930’s.  Under  these  conditions,  a  large  number  of  the 
people  still  think  of  themselves  as  pioneer  stock,  and  they  tenaciously 
cling  to  values  and  social  norms  passed  down  to  them  from  their 
parents.  Thus,  rugged  individualism,  self-sufficiency,  strong  com¬ 
petitiveness  and  unquestioning  patriotism  remain  deeply  ingrained 
values  held  by  many,  if  not  most,  of  the  people — and  many  of  their 
norms  are  closely  allied  to  these  values. 

The  inroads  made  by  modern  culture,  coupled  with  the  above 
values,  have  resulted  in  some  interesting  permutations.  For  example, 
the  advantages  of  bureaucratic  organization  have  been  deemed  desir¬ 
able  by  area  residents,  and  they  have  attempted  to  adapt  such  organi¬ 
zation  to  their  needs  of  today.  However,  the  high  degree  of  competitive¬ 
ness  which  they  hold  has  made  some  people  extremely  power  hungry 
— and  it  has  made  them  fearful  of  anything  which  might  be  construed 
as  a  threat  to  their  power.  Because  the  giving  up  of  power,  delegating 
it  downward,  or  occupying  a  position  carrying  little  power  may  nega- 
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lively  reflect  on  one’s  rugged  individualism,  self-sufficiency,  and  com¬ 
petitiveness,  some  persons  are  compulsively  driven  to  extreme  lengths 
to  insure  the  maintenance  of  their  positions  and  particularly  their 
power.  Others,  in  positions  carrying  little  power,  are  compelled  to  go 
to  great  effort  devising  means  to  generate  power  for  their  positions,  or 
to  at  least  attract  some  power  to  them.  Also,  under  such  conditions, 
money  has  become  a  highly  prized  commodity — money  may  be 
equated  with  power.  Money  has  therefore  become  a  particularly 
effective  motivator  for  action  (but  generally  within  the  socially  pre¬ 
scribed  limits) . 

Nevertheless,  acquired  money  or  power  must  be  shown.  Thus, 
Veblen’s  concept  of  “conspicuous  consumption”  (1945)  is  operative, 
especially  with  regard  to  wives’  clothing.  Additionally,  some  persons 
who  hold  power  over  others  take  great  pains  to  insure  that  their  under¬ 
lings  are  adequately  aware  of  such  power.  But  here  some  inconsistency 
exists — even  those  who  so  desire  that  others  know  of  their  power 
strongly  adhere  to  another  ingrained  value,  that  of  hospitality  or 
friendliness.  Therefore,  the  individual  exercising  his  power  over 
another  will  expend  much  effort,  at  times,  in  the  endeavor  to  make  his 
subordinate  feel  at  ease  and  accepted  as  an  equal.  This  explains,  per¬ 
haps,  the  emphasis  on  first  names  and  the  avoidance  of  titles  among 
the  university  personnel  and  other  members  of  the  community.  The 
power-money  motive  may  also  explain  the  evidenced  suspicion,  hos¬ 
tility,  and  disdain  between  the  social  divisions — although  differences 
in  interest,  outlook,  and  way  of  life  is  without  a  doubt  a  powerful 
factor  here. 

Many  recent  cultural  and  social  developments  in  the  United  States 
have  been  incongruent  with  the  above  values.  Therefore,  some  people 
in  the  Plains  City  area  who  more  strongly  hold  to  these  values  have 
had  great  difficulty  comprehending  these  developments,  and  even 
greater  difficulty  in  thinking  in  terms  of  adapting  to  them.  Conse¬ 
quently,  a  great  deal  of  fear  has  been  generated — fear  of  the  SDS, 
fear  of  the  Negro  and  Black  Power,  fear  of  student  power,  fear  of  out¬ 
siders,  fear  of  welfare  programs,  and  fear  of  Communism.  The  Joe 
McCarthy  era  still  clings  to  the  Plains  City  area.  For  example,  a  news¬ 
paper  in  the  larger  metropolitan  city  some  time  ago  published  an 
article  claiming  that  “sensitivity  training”  (a  type  of  quasi-psycho- 
therapy)  is  a  Communist  technique,  thus  implying  that  it  should  be 
carefully  avoided. 

Certain  informal  social  norms  are  particularly  evident  in  the  Plains 
City  area.  Perhaps  foremost  is  a  norm  to  the  effect  that  one  must  never 
make  a  mistake— or  to  at  least  never  admit  to  having  perpetrated  the 
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mistake.  Without  a  doubt,  this  is  closely  related  to  the  above  values 
and  the  power  motive.  Admitting  to  a  mistake  is  equated  with  admit¬ 
ting  to  weakness.  As  a  result,  a  great  deal  of  “buck  passing”  occurs, 
along  with  some  inaction  brought  on  by  the  fear  of  making  a  mistake. 

Another  norm  operates  to  the  effect  of  classing  men  and  women  as 
the  physical  property  of  their  spouses.  Very  heated  jealousy  results 
from  the  slightest  suspicion  of  interest  in  or  attraction  to  persons  of 
the  opposite  sex.  Married  persons  thus  tend  to  restrict  their  informal 
interactions  to  their  spouses  and  to  persons  of  their  own  sex.  Para¬ 
doxically,  considerable  heterosexual  license  is  permitted  (but  not 
officially  condoned)  the  younger  unmarried  persons,  so  long  as  such 
activity  is  not  too  obvious  to  the  community  at  large. 

Although  the  above  norms  epitomize  the  conservatism  of  the  com¬ 
munity,  one  last  norm  may  be  viewed  as  a  general  taboo  against 
appearing  too  liberal  in  any  area  of  one’s  sphere  of  activity.  An 
example  is  the  fact  that  before  the  1968  national  elections  rumors 
circulated  around  the  university  to  the  effect  that  university  police 
were  recording  the  license  numbers  of  cars  on  campus  which  bore 
McCarthy-Lindsey  stickers.  Also,  it  was  rumored  that  the  campus 
police  recorded  the  names  of  persons  seen  associating  with  hippies  and 
SDS  members.  Nevertheless,  the  faculty  was  generally  afforded  much 
academic  freedom. 

One  last  feature  of  the  Plains  City  area  which  has  social  psycho¬ 
logical  overtones  is  its  thoroughly  permeating  network  for  informal 
communication  and  gossip.  Although  participating  in  and  maintaining 
such  information  lines  is  largely  a  function  of  the  community’s 
women,  similar  participation  is  observed  in  the  men.  Such  lines  of 
communication  very  effectively  secure  conformity  to  the  above  norms. 
However,  inherent  dangers  lie  in  such  a  system  of  communication, 
mainly  in  the  area  of  character  assassination  through  misunderstand¬ 
ings,  misconceptions,  hostilities  of  the  participants,  and  the  appetites 
of  participants  for  “spicy  tidbits.”  Nevertheless,  such  a  communication 
network  covers  the  entire  Plains  City  area  and  includes  the  towns¬ 
people,  the  university  people,  and  the  farmer-ranchers.  The  communi-  | 
cation  lines  appear  to  permeate  each  social  division  and  to  encompass 
the  other  divisions  through  the  cross-linkages  between  the  3  sub¬ 
systems. 

Thus,  the  effects  from  the  physical  environment,  the  potent  values, 
the  stringent  informal  social  norms,  and  the  gossip  network  all  operate 
to  produce  powerful  social  psychological  consequences  in  the  popu¬ 
lation  of  Plains  City  and  the  surrounding  area.  They  function  to  pro- 
duce  a  certain  uniformity  among  persons  which  is  not  found  in  larger, 
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more  heterogeneous  communities.  They  also  appear  to  have  produced 
some  alienation  along  with  other  tensions  among  a  large  number  of 
the  population.  Even  native  residents  occasionally  speak  in  terms  of 
taking  a  vacation  to  “get  out  of  this  place.”  Nevertheless,  there  seems 
to  be  little  room  for  a  middle  ground  within  the  Plains  City  com¬ 
munity — persons  either:  (1)  stay,  adapt  to  the  community  and  en¬ 
vironment,  and  adopt  the  local  pride  indigenous  to  native  residents; 
(2)  stay  for  awhile  without  adapting,  and  eventually  leave;  or  (3) 
quickly  leave.  An  interesting  point  is  that  a  large  number  of  persons 
who  grow  up  in  the  area,  and  then  move  elsewhere,  eventually  return 
to  Plains  City  with  the  hope  of  remaining  for  the  rest  of  their  lives. 

CONCLUSIONS 

Through  the  application  of  the  5  ecological  elements,  numerous 
inconsistencies  and  paradoxes  have  been  unearthed  and  presented  with 
this  general  description  of  Plains  City  and  its  surrounding  area.  In 
addition,  a  number  of  unanswered  question  have  been  brought  to  light. 
For  one  thing,  is  it  possible  to  have  satellites  of  satellite  cities?  Also, 
to  what  extent  are  the  inconsistencies  and  paradoxes  uncovered  in  this 
paper  congruent  with  inconsistencies  and  paradoxes  existing  in  other 
satellite  cities?  To  what  extent  are  similar  social  divisions  found  in 
other  satellite  cities?  Are  stresses  and  strains  between  social  divisions 
found  in  other  satellite  cities  similarly  softened,  and  to  what  extent 
is  a  balance  maintained  in  other  satellite  cities? 

Finally,  this  paper  has  dealt  almost  exclusively  with  elements  and 
subsystems  within  a  single  satellite  city  without  much  consideration 
of  its  relationship  to  a  central  city.  Could  it  be  possible  that  the  assump¬ 
tion  of  economic  and  social  dependence  of  satellite  cities  upon  central 
cities  has  been  overly  emphasized? 
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Abstracts  of  Second  Annual  Gulf  Coast 
Molecular  Biology  Conference 

January  29-31 ,  1971 

Sheraton-Marina  Inn,  Corpus  Christi,  T exas 

SECOND  ANNUAL  GULF  COAST  MOLECULAR  BIOLOGY  CONFERENCE 
The  above  Conference  was  held  on  January  29-31,  1971,  at  the  Sheraton-Marina 
Inn,  Corpus  Christi,  Texas.  One  hundred  and  eight  people  were  in  attendance  which 
included  faculty,  staff  and  graduate  students  from  M.  D.  Anderson  Hospital  and 
Tumor  Institute;  Baylor  College  of  Medicine;  Texas  A&M  University;  University 
of  Texas  at  Austin;  University  of  Texas  Medical  Branch  at  Galveston;  University 
of  Texas  at  Dallas;  Institute  of  Marine  Sciences,  University  of  Texas  at  Port  Aran¬ 
sas;  Louisiana  State  University;  Kansas  State  University;  University  of  California 
at  Riverside;  Texas  Women’s  University;  University  of  Tennessee  at  Memphis; 
Brooks  Air  Force  Base;  North  Texas  State  University. 

The  purpose  of  the  Conference  is  to  bring  together  annually  those  people  in  the 
Gulf  Coast  Area  who  are  actively  involved  in  research  in  any  of  the  areas  of  Molec¬ 
ular  Biology.  The  choice  of  organism  is  irrelevant.  Bacteria,  viruses,  plants,  insects, 
fungi,  worms,  animals,  including  humans,  are  all  equally  acceptable  provided  that 
a  contribution  to  our  knowledge  is  offered  in  the  presentation.  The  meeting  must  be 
loose  and  informal  to  be  successful  and  graduate  students,  post-doctoral  fellows  and 
faculty  should  co-mingle,  argue,  relax  and  talk  on  a  first  name  basis.  We  are  all 
scientists  and  do  not  need  any  titles.  The  term  “Professor”  or  “Doctor”  instantly 
creates  some  kind  of  “incomplete  penetrance”  for  the  timid  graduate  student.  This 
is  wrong  as  the  Conference  is  dedicated  to  graduate  students  and  their  promotion. 

Below  are  given  the  Abstracts  of  the  Second  Annual  Conference.  We  should  ac¬ 
cordingly  thank  the  Texas  Journal  of  Science  and  its  editor,  Gerald  G.  Raun,  for 
publishing  this  material.  We  might  also  consider  sponsoring  the  Journal  a  little 
more  in  the  future.  It  needs  and  deserves  our  help. 

Gerard  A.  O’Donovan 
Conference  Chairman 
Texas  A&M  University 


PLEIOTROPIC  EFFECTS  OF  NONSENSE  SUPPRESSORS  IN  BACILLUS  SUB- 
T1L1S — Manley  Mandel,  Mary  Judith  Tevethia  and  James  N.  Baptist,  Depart¬ 
ment  of  Molecular  Biology,  M,  D.  Anderson  Hospital  and  Tumor  Institute, 
Houston  77025. 

The  final  stage  in  the  conversion  of  information  stored  in  the  DNA  of  cells  into 
cellular  constituents  involves  the  translation  of  messenger  RNA  into  proteins.  The 
production  of  functional  proteins  depends  upon  the  correct  reading  of  polypeptide 
chain-terminating  nucleotide  sequences.  Certain  strains  of  bacteria  contain  a  muta¬ 
tion  which  specifies  the  production  of  an  altered  t-RNA  species  (suppressor  t-RNA). 
This  species  inserts  an  amino  acid  at  chain  terminating  sequences.  A  predictable 
outcome  of  such  a  misreading  is  elongation  and  possibly  connection  between  pro¬ 
tein  molecules  produced  on  a  polycistronic  message.  This  “reading  through”  nor- 
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mally  nontranslated  region  of  message  is  expected  to  alter  multiple  charcteristics 
of  suppressor  containing  strains.  To  test  the  predictions  that  the  presence  of  sup¬ 
pressor  t-RNA  molecules  in  cells  will  (1)  have  multiple  (pleiotropic)  effects  in 
cells  and  (2)  cause  production  of  longer  than  normal  proteins,  a  series  of  isogenic 
suppressor  and  nonsuppressor  strains  of  B.  subtilis  were  carefully  constructed.  By 
introducing  each  of  3  suppressor  genes  into  a  common  genetic  background  we  are 
able  to: 

1 )  Identify  2  types  of  suppressors. 

2)  Demonstrate  the  non-identity  of  the  3  suppressors. 

3)  Demonstrate  the  following  multiple  effects  of  suppression:  reduction  in  com¬ 
petence,  sporulation,  inability  to  reproduce  bacteriophage  0105,  ability  to  grow 
in  the  absence  of  exogenously  added  amino  acids,  and  form  additional  vari¬ 
eties  of  enzymes  in  starch  electrophoresis  gels. 

Each  of  these  effects  has  been  observed  in  all  of  22  clones  containing  the  Okubo 
suppressor  and  in  3  clones  containing  the  Georgopoulos  suppressor.  All  independent 
reversions  to  sus+  revert  to  parental  form  for  all  characters. 

The  2  retarded  electrophoretic  variants  retain  triose  phosphate  isomerase  activity 
and  L-leucine  dehydrogenase  activity.  The  first  enzyme  is  of  a  reasonable  molecular 
weight  in  the  wild  type  form  (■ —  52,000)  and  the  estimate  of  molecular  weight  of 
the  presumably  elongated  form  is  nearly  triple  that,  as  estimated  from  molecular 
sieving.  Purification  of  both  protein  forms  is  in  progress  with  the  aim  of  sequence 
determination. 

SELECTIVE  INHIBITION  OF  THROMBIN  AND  PLASMIN  WITH  SUBSTI¬ 
TUTED  p-NITROPHENYL  BENZOATES— G.  Glover,  C.-C.  Wang  and  E. 
Shaw,  Chemistry  Department ,  Texas  A&M  University ,  College  Station  77843. 

Recently,  structural  studies  on  serine  proteases  have  led  to  the  postulate  that  all 
such  enzymes  of  mammalian  origin  will  be  homologous  in  sequence  and  identical  in 
the  3-dimensional  arrangement  of  the  catalytic  groups  within  the  active  site. 

Thrombin  and  plasmin,  enzymes  involved  in  blood  clot  formation  and  clot  lysis, 
respectively,  are  serine  proteases  and  also  have  the  same  specificity  as  trypsin  for 
the  positively  charged  esters  of  lysine  and  arginine. 

p-Nitrophenyl-p-guanidinobenzoate  rapidly  forms  a  stable  acyl  enzyme  with  these 
3  enzymes,  releasing  one  equivalent  of  p-nitrophenol  so  that  solutions  of  the  enzymes 
can  be  titrated  by  measuring  p-nitrophenol  production. 

In  spite  of  the  similarities  between  serine  proteases  and  the  very  similar  specific¬ 
ities  of  plasmin  and  thrombin  for  simple  ester  substrates,  it  has  been  possible  to  ob¬ 
tain  a  high  degree  of  selectivity  in  the  inhibition  of  these  enzymes  with  variously 
substituted  p-nitrophenyl  benzoates. 

This  work  indicates  that  active  site  directed  reagents  reacting  with  amino  acid 
side  chains  within  the  active  site  can  provide  selective  inhibitors  potentially  useful  in 
medicine. 

TRYPTOPHAN  CATABOLISM  AND  ITS  ROLE  IN  BACTERIAL  SPORULA¬ 
TION — C.  K.  Banerjee,  C.  Prasad  and  V.  R.  Srinivasan,  Department  of  Micro¬ 
biology,  Louisiana  State  University,  Baton  Rouge,  70803. 

We  have  reported  earlier,  experiments  on  the  sporulation  of  Bacillus  cereus,  which 
were  highly  indicative  that  the  induction  of  tryptophan  catabolism  occurred  con¬ 
comitantly  with  the  differentiation  of  the  organism  during  the  sporulation  cycle. 
Further  studies  revealed  that  a  few  of  the  tryptophan  catabolites  such  as  kynurenine, 
hydroxyanthranilic  acid  or  quinaldic  acid  could  increase  the  heat  resistance  of  heat 
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sensitive  spore-like  bodies  obtained  with  ethyloxamate.  These  investigations  led  to 
the  speculation  that  a  mutant  with  deletion  in  tryptophan  catabolic  pathway  would 
produce  heat  sensitive  spores.  Hence,  attempts  were  made  to  isolate  mutants  of  B. 
cereus  producing  spores  with  impaired  heat  resistance.  B.  cereus  T40-2  was  treated 
with  NNMG  and  allowed  to  speculate  in  the  presence  of  kynurenine.  The  spores 
were  heat  shocked  and  spread  on  nutrient  agar  plates  without  kynurenine.  After 
72  hr,  the  colonies  selected  from  the  master  plate.  The  growth  and  sporulation  char¬ 
acteristics  of  some  of  the  mutants  were  similar  to  the  parent,  but  the  spores  showed 
varying  degrees  of  heat  resistance.  Analysis  of  the  spores  indicated  a  comparable 
content  of  Ca,  DPA  and  hexosamines  but  the  mutant  spores  differed  in  their  Mg 
content  from  the  parent. 

REGULATION  OF  PYRIMIDINE  NUCLEOTIDE  BIOSYNTHESIS  IN  BACIL¬ 
LUS  SUBT1LIS — J.  L.  Rebello  and  G.  A.  O’Donovan,  Texas  A&M  University , 
Department  of  Biochemistry  and  Biophysics,  College  Station,  77843. 

The  pathway  for  the  biosynthesis  of  pyrimidine  nucleotides  in  Bacillus  subtilis  has 
been  studied.  By  studying  the  enzymes  involved — ATCase,  DHO  dehydrogenase, 
OMP  pyrophosphorylase  and  OMP  decarboxylase — and  isolating  mutants  blocked 
at  some  of  the  enzymatic  steps,  it  has  been  concluded  that  the  pathway  in  B.  subtilis 
is  the  same  as  in  other  microorganisms.  Control  of  enzyme  synthesis  is  via  end 
product  repression  rather  than  through  induction.  Growth  and  physiological  experi¬ 
ments  prove  that  cytosine  deaminase,  but  not  cytidine  deaminase,  is  absent  in  B. 
subtilis. 

PROPERTIES  AND  FUNCTIONS  OF  T5  PRE-EARLY  PROTEINS— D.  J.  Mc- 
Corquodale,  D.  Beckham,  and  M.  Hoffman,  University  of  Texas  at  Dallas,  P.  O. 
Box  30365,  Dallas,  75230. 

After  infection  of  host  cells,  bacteriophage  T5  induces  “pre-early,”  “early,”  and 
“late”  proteins  in  a  well-defined  temporal  sequence.  The  previously  identified  pre- 
early  proteins,  lb  and  1c  have  molecular  weights  of  10,000  and  25,000  daltons,  re¬ 
spectively,  in  both  their  native  and  denatured  states.  Each,  therefore,  consists  of  a 
single  polypeptide  chain.  Pre-early  “protein  la,”  previously  believed  to  be  a  single 
protein,  has  been  resolved  into  2  proteins  with  molecular  weights  of  about  300,000 
daltons  each.  Both  “la  proteins”  are  composed  of  subunits,  since  denaturation  of  the 
mixed  “la  proteins”  yields  2  proteins  of  molecular  weights  59,000  and  17,000  dal¬ 
tons,  but  no  protein  of  300,000  daltons.  Evidence  will  be  presented  to  show  that  one 
of  the  oligomeric  “la-proteins”  is  composed  of  both  59,000  and  17,000  subunits 
whereas  the  other  is  composed  of  just  59,000  subunits.  Gene  I  codes  for  the  59,000 
subunit  whereas  gene  II  codes  for  the  17,000  subunit.  Mutants  defective  in  gene  I 
fail  to  complete  the  transfer  of  their  DNA  to  host  cells,  fail  to  shut-off  the  synthesis 
of  phage-specific  pre-early  proteins,  and  fail  to  degrade  host-cell  DNA.  Mutants 
defective  in  gene  II  fail  only  in  their  transfer  of  DNA  to  host  cells.  The  pleiotropic 
effect  of  mutations  in  gene  I  could  therefore  be  explained  by  assigning  specific 
functions  to  the  various  protein  forms  in  which  the  59,000  subunit  enters.  An  equi¬ 
librium  among  these  multiple  forms  may  eixst,  perhaps  in  the  following  manner. 


Gene  I 

Gene  II 

1 

1 

59,000 

1 7,000 

tl 

300,000 
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THE  TRANSPORT  SYSTEM  FOR  L-TYROSINE  IN  BACILLUS  SUBTILIS. 
Sherry  L.  Stenmark  and  Roy  A.  Jensen,  Department  of  Microbiology,  Baylor 
College  of  Medicine,  Houston,  77025 

The  characteristics  of  the  transport  system  for  L-tyrosine  were  investigated  in  ex¬ 
ponentially  growing  cells  of  Bacillus  subtilis.  Two  wild  type  strains  (strains  168 
and  23)  differed  quantitatively  in  ability  to  transport  L-tyrosine  into  the  cell.  How¬ 
ever,  the  2  strains  were  qualitatively  similar  in  the  regulation  of  the  uptake  system. 
The  D-isomer  of  tyrosine  is  a  potent  inhibitor  of  growth  in  strain  168  but  not  in 
strain  23.  The  natural  resistance  of  strain  23  to  growth  inhibition  by  D-tyrosine  was 
found  to  be  the  consequence  of  the  inability  of  this  strain  to  transport  D-tyrosine. 

There  is  strong  evidence  for  the  existence  of  2  L-tyrosine  transport  systems  in 
B.  subtilis.  One  has  a  high  affinity  for  L-tyrosine  and  L-phenylalanine  and  a  lower 
affinity  for  several  other  amino  acids.  The  2nd  transport  system  is  very  specific  for 
L-tyrosine.  This  specific  transport  system  for  L-tyrosine  appears  to  mediate  the  entry 
of  D-tyrosine  in  strain  168  but  not  in  strain  23. 

A  mutant  which  presumably  lacks  the  specific  transport  system  for  L-tyrosine 
was  isolated  and  characterized  in  strain  1 68.  It  was  selected  as  a  D-tyrosine  resistant 
mutant.  The  findings  (i)  that  L-tyrosine  uptake  proceeded  at  a  lower  rate  than  in 
the  parent  strain,  and  (ii)  that  the  transport  of  L-tyrosine  could  be  completely  in¬ 
hibited  by  high  concentrations  of  phenylalanine  were  interpreted  to  indicate  the  loss 
of  the  specific  transport  system  for  L-tyrosine. 

A  MULTIFUNCTIONAL  PROTEIN  FOR  TRYPTOPHAN  AND  FOLATE  SYN¬ 
THESIS  CODED  BY  A  NEW  GENE— James  F.  Kane  and  Roy  A.  Jensen, 
Department  of  Microbiology,  University  of  Tennessee,  Memphis  38109. 

The  anthranilate  synthase  of  Bacillus  subtilis  is  composed  of  2  non-identical  sub¬ 
units.  Subunit  E  is  coded  by  the  cistron  trp  E,  the  first  gene  in  the  operon-like  clus¬ 
ter.  All  of  the  linked  cistrons  are  defined  by  trytophan  auxotrophs.  Trp  It,  a  new 
cistron,  is  unlinked  to  the  tryptophan  operon.  A  mutation  in  trp  X  results  in  a  loss 
of  anthranilate  synthase  with  glutamine  as  the  nitrogen  donor  although  enzyme 
activity  is  retained  with  ammonia  as  the  nitrogen  donor.  Thus,  a  mutant  lacking  a 
catalytically  functional  subunit  X  can  grow  in  minimal  medium  as  a  consequence 
of  the  physiological  derepression  of  subunit  X.  However,  such  a  mutant  has  proper¬ 
ties  which  demonstrate  that  subunit  X  also  plays  a  catalytic  role  in  the  biosynthesis 
of  folate.  First,  the  growth  of  the  trp  X  mutant  is  strongly  inhibited  by  tryptophan. 
Folic  acid,  or  p-aminobenzoic  acid,  antagonizes  the  inhibition  of  growth  by  trypto¬ 
phan.  Second,  a  mutant  which  constitutively  synthesizes  subunit  X  and  has  a 
deficient  subunit  E  excretes  p-aminobenzoic  acid. 

METABOLIC  INTERLOCK:  PIVOTAL  ROLE  OF  CHORISMATE  MUTASE 
FOR  BALANCED  SYNTHESIS  OF  AROMATIC  AMINO  ACIDS— Roy  A. 
Jensen,  Department  of  Microbiology ,  Baylor  College  of  Medicine,  Houston, 
77025 

Chorismate  mutase  is  located  at  a  metabolic  branch  point  in  the  biochemical  path¬ 
way  of  aromatic  amino  acid  synthesis.  It  competes  with  anthranilate  synthase  for  a 
common  substrate,  chorismate.  Accordingly,  the  activity  of  chorismate  mutase  is 
very  important  in  mediating  the  flow  of  chorismate  between  the  synthesis  of  tyro¬ 
sine  and  phenylalanine  on  the  one  hand,  and  of  tryptophan,  on  the  other.  Strain 
168  of  Bacillus  subtilis  possesses  a  chorismate  mutase  (chorismate  mutase-L)  which 
is  10-fold  lower  in  specific  activity  than  the  chorismate  mutase  (chorismate  mutase- 
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H)  of  strain  23.  A  hybrid  strain  was  constructed  which  carries  the  chorismate  mu- 
tase-H  of  strain  23  in  the  genetic  background  of  strain  168.  This  hybrid  strain  was 
used  to  study  the  effect  of  chorismate  mutase  activity  upon  the  routing  of  common 
pathway  precursors  into  the  divergent  terminal  branches  of  the  aromatic  amino  acid 
biosynthetic  pathway.  Compared  to  strain  168  a  hybrid  strain  carrying  chorismate 
mutase-H  is  more  resistant  to  growth  inhibition  by  low  concentrations  of  D-tyrosine 
but  is  less  resistant  to  growth  inhibition  by  low  concentrations  of  5-methyltrypto- 
phan. 

The  considerable  ability  of  the  hybrid  strain  to  adjust  to  the  unbalancing  effect 
of  chorismate  mutase-H  is  attributed  to  the  compensatory  capabilities  of  allosteric 
and  repressive  controls  existing  in  the  pathway.  When  the  normal  regulatory  con¬ 
trols  in  the  terminal  branches  are  lost  by  mutation,  the  full  potential  of  an  altera¬ 
tion  in  level  of  chorismate  mutase  to  direct  the  fate  of  common  precursors  is  masked. 


INHIBITION  OF  THE  INITIATION  OF  PROTEIN  SYNTHESIS  ON  RETI¬ 
CULOCYTE  RIBOSOMES— J.  Irvin,  T.  Obrig,  W.  Culp,  and  B.  Hardesty,  De¬ 
partment  of  Chemistry ,  University  of  Texas,  Austin,  78712 
Sodium  fluoride,  glutarimide  antibiotics  such  as  cycloheximide,  and  the  peptide 
antibiotic  edeine  inhibit  steps  associated  with  early  reactions  of  peptide  synthesis 
directed  by  polyuridylic  acid  or  endogenous  messenger  RNA.  All  of  the  inhibitors 
appear  to  affect  reactions  associated  with  the  donor  ribosomal  site.  In  intact  cells 
sodium  fluoride  appears  to  block  initiation  causing  an  accumulation  of  tRNA;pmet  on 
ribosomes.  Edeine  inhibits  reactions  prior  to  the  sodium  fluoride  sensitive  step  and 
its  site  of  action  appears  to  be  on  the  small  ribosomal  subunit.  Cycloheximide  blocks 
attachment  or  entry  of  tRNA  into  the  donor  ribosomal  site. 


EFFECTS  OF  ANTIBIOTICS  ON  THE  INTERACTION  OF  RIBOSOMES  WITH 
THE  PHE-tRNA-GTP-TIu  COMPLEX— J.  M.  Ravel  and  R.  L.  Shorey,  Depart¬ 
ment  of  Chemistry,  University  of  Texas,  Austin,  78712. 

Interaction  of  the  Phe-tRNA-GTP-TIu  complex  (Complex  II)  with  a  ribosome- 
poly  U  complex  carrying  AcPhe-tRNA  results  in  the  binding  of  Phe-tRNA  to  the 
ribosomes,  the  hydrolysis  of  an  equivalent  amount  of  GTP,  and  the  formation  of 
AcPhe-Phe-tRNA.  Sparsomycin,  an  antibiotic  that  binds  the  SOS  ribosomal  subunit, 
inhibits  the  interaction  of  puromycin  with  the  ribosome-poly  U- AcPhe-tRNA  com¬ 
plex  and  prevents  the  formation  of  AcPhe-puromycin.  Sparsomycin  also  affects  the 
interaction  of  Complex  II  with  the  ribosomal  complex.  Less  Phe-tRNA  is  bound  to 
the  ribosomes  and  very  little  dipeptide  is  formed;  however,  the  amount  of  GTP 
hydrolysed  is  greatly  increased.  Chloramphenicol,  amicetin,  gougerotin,  and  linco- 
mycin  inhibit  the  formation  of  AcPhe-puromycin,  but  have  very  little,  if  any,  effect 
on  the  interaction  of  Complex  II  with  the  ribosomes.  Neomycin,  at  high  concentra¬ 
tions,  inhibits  the  formation  of  AcPhe-puromycin,  and  also  inhibits  the  formation  of 
AcPhe-Phe-tRNA  and  increases  the  hydrolysis  of  GTP.  Chlortetracycline  inhibits 
the  binding  of  Phe-tRNA  to  the  ribosomes  but  has  no  effect  on  the  hydrolysis  of 
GTP. 

BIOSYNTHESIS  OF  dTTP  IN  ESCHERICHIA  COLI.  dCTP  DEAMINASE,  A 
NEW  ENZYME  OPERATIVE  IN  THE  PATHWAY— Gerard  A.  O’Donovan 
and  Jan  Neuhard,  Department  of  Biochemistry  &  Biophysics,  Texas  A&M 
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University ,  College  Station,  77843,  and  Enzyme  Division,  University  of  Copen¬ 
hagen,  Copenhagen  Denmark. 

A  strain  of  Escherichia  coli  HD1038,  isolated  as  a  pyrimidine  over  producer  was 
found  to  contain  a  dCTP  pool  level  10-fold  greater  and  dTTP  pool  level  2-fold  lower 
than  the  corresponding  levels  found  in  the  parent  strain.  Both  mutant  and  parent 
strains  grow  with  the  same  generation  time  in  minimal  medium.  Addition  of  any 
pyrimidine  deoxyribonucleoside  to  the  growth  medium  resulted  in  a  marked  in¬ 
crease  in  the  dTTP  pool  in  the  mutant  strain  and  a  reduction  of  the  dCTP  pool  to 
normal  levels.  The  addition  of  ribonucleosides  or  purine  deoxyribonucleosides  to  the 
medium  did  not  alter  the  anomalous  pool  levels  significantly. 

Although  thymine-stressed  mutants  display  characteristics  quite  similar  to  the 
mutant  described  here  (i.e.  high  dCTP,  low  dTTP)  they  differ  markedly  in  other 
respects.  Unlike  thymine-stressed  strains,  HD1038,  has  a  low  dUMP  pool  and  its 
pool  levels  return  to  normal  on  deoxy uridine  addition. 

Recently  a  new  pathway  for  the  synthesis  of  dUMP  was  described  in  Salmonella 
typhimurium  and  a  novel  enzyme  dCTP  deaminase  was  isolated.  In  this  paper  we 
describe  an  E.  coli  mutant  deficient  in  this  novel  enzyme.  The  pathway  may  be 
schematically  shown  thus:  CDP-^dCDP— >dCTP— >dUTP— >dUMP-^dTMP— »dTDP 
->dTTP. 

The  isolation  of  such  a  mutant  allows  dTTP  biosynthesis  to  be  examined  more 
closely  than  was  hitherto  possible.  The  biosynthesis  is  discussed  in  the  mutant  and 
in  the  parent  strain  of  E.  coli. 

REGULATION  OF  INFECTIOUS  DRUG  RESISTANCE  FACTOR  DNA— Roys- 
ton  C.  Clowes  and  Christine  Smith,  University  of  Texas  at  Dallas,  P.O.  Box 
30365,  Dallas,  75230. 

In  recent  years,  a  large  number  of  extrachromosomal  elements  have  been  identi¬ 
fied  in  Enterobacteriaceae.  Many  of  these,  including  most  colicin  (Col)  factors  and 
infectious  multiple-drug  resistance  (R)  factors  have  sex  factor  activity,  although 
several,  such  as  ColEl,  do  not.  Most  of  these  elements  are  not  normally  integrated 
in  the  chromosome  and  also  appear  to  be  limited  in  the  number  of  copies  present  in 
each  cell.  As  a  first  approach  to  an  understanding  of  replication  and  stabilization  of 
these  elements,  the  DNAs  of  a  number  have  been  isolated,  making  use  of  the  fact 
that  they  exist  in  the  cell  in  the  form  of  covalently-closed  circular  molecules.  As 
such,  their  uptake  of  an  intercalating  dye  such  as  ethidium  bromide  is  less  than  by 
linear  or  relaxed  circular  (RC)  DNA  molecules,  leading  to  a  smaller  density  change. 
Centrifugation  in  CsCl  gradients  in  the  presence  of  ethidium  bromide  thus  permits 
physical  separation  of  the  DNA  of  plasmids  as  a  denser  satellite  peak  to  that  of  the 
host  DNA.  It  may  then  be  examined  in  the  electron  microscope  and  its  contour 
length  determined.  Examinations  of  the  DNA  of  ten  or  more  different  factors  leads 
to  the  following  results.  All  factors  are  composed  of  CCC  DNA.  The  size  of  sex 
factors  ranges  from  about  25  X  106  to  10s  amu,  although  most  are  from  40  to 
60  X  106  amu.  Elements  without  sex-factor  activities  appear  to  be  much  smaller, 
about  5  X  106  amu.  The  numbers  of  copies  of  most  factors  are  between  1  and  2  per 
chromosome.  Occasional  factors  however  are  present  in  greater  numbers,  and  these 
numbers  depend  on  the  phase  of  the  bacterial  growth  at  the  time  of  lysis,  about  10 
copies  at  logarithmic  and  about  40  at  stationary  phase. 


STRUCTURE  OF  ALDOLASES  ISOLATED  FROM  NORMAL  AND  NEO¬ 
PLASTIC  TISSUES — R.  W.  Gracy  and  B.  L.  Horecker,  Department  of  Chem- 
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istry.  North  Texas  State  University ,  Denton ,  and  Department  of  Molecular 
Biology ,  Albert  Einstein  College  of  Medicine ,  Bronx. 

Fructose  diphosphate  aldolase  has  been  isolated  from  normal  muscle  and  liver 
tissues  as  well  as  from  Novikoff  hepatomas.  Although  muscle  aldolase  and  the 
liver  enzyme  are  both  of  molecular  weight  153,000  and  each  composed  of  4  identical 
subunits,  the  enzymes  are  readily  distinguished  on  the  basis  of  their  substrate  specifi¬ 
cities,  electrophoretic  mobilities,  amino  acid  compositions,  and  tryptic  peptide  finger¬ 
prints.  This  clearly  indicates  the  existence  of  separate  genes  for  the  2  enzymes.  Aldo¬ 
lase  isolated  from  poorly  differentiated  liver  tumors  (e.g.,  Novikoff  hepatomas)  is 
markedly  different  from  the  normal  liver  enzyme  and  identical  in  every  respect, 
including  peptide  fingerprints,  with  the  muscle  enzyme.  Thus  it  appears  that  in  the 
case  of  poorly  differentiated  liver  tumors,  a  “turning  off’5  of  the  liver  aldolase  genes 
occurs  concomitant  with  a  “turning  on”  of  the  muscle  aldolase  genes. 

The  structures  of  the  aldolases  from  normal  and  neoplastic  tissues  will  be  pre¬ 
sented.  Although  liver  and  muscle  aldolases  differ  markedly  in  their  overall  struc¬ 
tures,  the  amino  acid  sequences  around  their  active  centers  are  very  similar. 

COMPARISON  OF  tRNA  FROM  NORMAL  AND  VIRUS-TRANSFORMED 
MOUSE  CELLS-— Charles  Hedgcoth,  Elaine  Jacobson,  Richard  A.  Consigli, 
Department  of  Biochemistry  and  Division  of  Biology,  Kansas  State  University, 
Manhattan ,  66502. 

tRNA  from  tissue  cultures  of  normal  mouse  cells  (METC)  and  polyoma  virus- 
transformed  mouse  cells  (PY)  were  compared  with  respect  to  isoacceptor  tRNA’s  for 
several  amino  acids  by  chromatography  on  columns  of  benzoylated  DEAE-cellulose. 
The  most  striking  observation  concerns  the  appearance  of  a  well  defined  species  of 
Lys-tRNA  in  PY  cells  compared  with  Lys-tRNA  of  METC  cells  which  has  only  2 
species.  The  3rd  species  is  not  a  denatured  form  of  tRNA  as  shown  by  renaturation, 
rechromatography,  and  recharging.  Charging  with  heterologous  enzymes  eliminates 
the  possibility  of  different  enzyme  specificities  or  effects  of  the  enzyme  preparations. 
The  3rd  species  is  not  apparent  during  virus  infections  of  METC  cells.  Differences 
are  also  noted  in  the  minor  nucleoside  composition  of  tRNA  from  METC  and  PY 
cells.  (Supported  by  grants  from  NSF  and  NIH) . 

ATP-DEPENDENT  UPTAKE  OF  METABOLITES  BY  BACTERIAL  SPHERO- 
PLASTS — Robert  C.  Wood,  Department  of  Microbiology ,  University  of  Texas 
Medical  Branch,  Galveston ,  77550 . 

Mg-Tris  buffer  washed  cells  of  Streptococcus  faecalis  will  autolyze  to  form  sphero- 
plasts  that  respond  to  exogenous  ATP  to  show  swelling  under  several  experimental 
conditions.  One  swelling  reaction  system  requires  ATP  -J-  0.05  M  MgC!2  or  certain 
other  divalent  cations;  a  2nd  system  responds  to  ATP  -j-  succinate  or  histidine  buffers 
at  pH  4.9.  The  first  system  swells  in  proportion  to  the  MgCl2  concentration;  swell¬ 
ing  by  the  2nd  system  is  inhibited  by  divalent  cations.  Both  systems  require  only 
0.05  mM  ATP.  Chilling  abolishes  swelling  by  both  systems;  however,  the  ATPase 
is  not  destroyed  concomitantly.  ADP  is  about  half  as  effective  as  ATP;  AMP  and 
glucose  are  inert.  The  ATP-induced  swelling  probably  represents  active  uptake  of 
ions  or  metabolites  accompanied  by  water.  This  is  the  first  example  of  a  bacterial 
spheroplast  preparation  that  so  responds  to  exogenously  supplied  ATP. 


ISOLATION  OF  REGULATORY  MUTANTS  OF  PSEUDOMONAS  AERUGI¬ 
NOSA  BASED  ON  INCREASED  ANALOGUE  SENSITIVITY  WITH  CER- 
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TAIN  CARBON  SOURCES — D.  H.  Calhoun  and  R.  A.  Jensen,  Department  of 
Microbiology,  Baylor  College  of  Medicine,  Houston,  77025. 

Pseudomonas  aeruginosa  displays  a  native  resistance  to  many  inhibitory  com¬ 
pounds.  Therefore,  it  has  been  difficult  to  isolate  analogue-resistant  regulatory  mu¬ 
tants  which  have  been  so  valuable  in  other  microorganisms  for  the  study  of  enzyme 
control  mechanisms  and  for  the  study  of  amino  acid  transport  and  its  regulation. 
However,  we  have  found  that  it  is  possible  to  reveal  the  inhibitory  properties  of  some 
analogues  when  the  cells  are  growing  under  suboptimal  conditions.  When  P.  aerugi¬ 
nosa  is  growing  with  fructose  as  the  nutritional  source  of  carbon  and  energy  (mass 
doubling  time  4.5  hr  vs  1  hr  with  glucose  as  carbon  source)  the  cells  become  sensitive 
to  growth  inhibition  by  the  phenylalanine  analogue,  /3-2-thienylalanine,  and  the 
tyrosine  analogue,  p-amino-phenylalanine.  This  procedure  has  permitted  the  isola¬ 
tion  of  mutants  resistant  to  thienylalanine.  This  general  approach  promises  to  be 
valuable  in  the  study  of  regulatory  phenomena  in  P.  aeruginosa. 

INCORPORATION  OF  METHIONINE  INTO  THE  BACTERIAL  PIGMENT, 
PRODIGIOSIN — S.  M.  H.  Qadri,  R.  H.  Scott,  and  R.  P.  Williams,  Department 
of  Microbiology,  Baylor  College  of  Medicine,  Houston,  77025 
The  secondary  metabolite,  prodigiosin  (2-methyl-3-amyl-6-methoxy-prodigio- 
sene),  is  synthesized  by  the  bacterium  Serratia  marcescens  only  at  incubation  tem¬ 
peratures  below  37C.  However,  suspensions  of  non-proliferating,  colorless  bacteria 
previously  grown  at  37C  will  synthesize  the  pigment  when  incubated  at  25C,  pro¬ 
vided  certain  individual  amino  acids  such  as  proline,  alanine,  aspartic  acid,  histidine, 
glutamic  acid,  or  serine  are  added.  Two  proline-requiring  mutants  fail  to  form 
prodigiosin  under  these  conditions  unless  small  quantities  of  methionine  are  added 
along  with  a  suitable  amino  acid.  Methionine  alone  does  not  induce  pigmentation. 
In  the  wild  type,  addition  of  40  pg/ml  methionine  in  the  presence  of  proline 
(lOmg/ml)  causes  a  4-fold  increase  in  prodigiosin  formation,  and  reduces  the  lag 
period  for  biosynthesis  from  10  to  6  hr.  Isotopic  experiments  with  14C-methionine 
show  that  the  methyl  group  of  the  amino  is  preferentially  incorporated  into  pro¬ 
digiosin.  One,  or  both,  of  the  2  methyl  groups  of  the  pigment  may  be  derived  from 
methionine.  Studies  with  an  orange  mutant  of  S.  marcescens ,  which  produces  nor- 
prodigiosin  (2-methyl-3-amyl-6-hydroxyprodigiosene),  suggest  that  methionine 
serves  as  a  methyl  donor  for  the  methoxy  group  on  carbon  6. 

ALCOHOL  DEHYDROGENASE  ISOZYMES  OF  TRITICUM-.  DISSOCIATION 
AND  RECOMBINATION  OF  SUBUNITS— Gary  E.  Hart,  Genetics  Section, 
Department  of  Plant  Sciences,  Texas  A&M  University,  College  Station,  77843. 
Conditions  have  been  defined  for  the  dissociation  of  active  forms  of  Triticum 
alcohol  dehydrogenase  (alcohol:  NAD  oxidoreductase,  E.C.  1.1. 1.1)  into  monomers 
and  for  the  reassociation  of  the  subunits  into  active  enzymes.  Results  of  experiments 
in  which  the  subunits  of  genetically  controlled  electrophoretic  variants  of  alcohol 
dehydrogenase  were  dissociated  and  recombined  support  the  hypothesis  that  the 
enzyme  exists  functionally  as  a  dimer  in  Triticum. 

MAMMALIAN  MITOCHONDRIAL-SPECIFIC  tRNA  METHYLASES— Ethel 
Tsutsui,  and  Bertrum  Sheid,  Institute  of  Life  Science,  Department  of  Biology, 
Texas  A&M  University,  College  Station,  77843  and  Department  of  Pharma¬ 
cology,  Downstate  Medical  Center,  State  University  of  New  York,  Brooklyn. 
The  tRNA  methylases  have  been  shown  to  be  highly  specific  enzymes,  possessing 
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species,  organ  and  base  specificity.  Since  the  discovery  in  mitochondria  of  a  type  of 
DNA  different  from  that  in  the  nucleus,  other  molecular  components  of  the  protein- 
synthesizing  system  such  as  tRNA  and  the  aminoacyl-tRNA  synthetases  have  been 
shown  to  be  specific  to  the  mitochondria.  We  have  investigated  the  occurrence  and 
nature  of  tRMA  methylases  in  the  mitochondria  of  rat  liver  cells.  Mitochondria 
were  isolated  from  liver  cells  and  disrupted  to  yield  a  preparation  of  tRMA  methy¬ 
lases.  The  activity  of  these  enzymes  was  tested  in  vitro  utilizing  C14H3-S-adenosyl- 
methionine  as  methyl  donor  with  several  heterologous  tRNAs  as  substrates.  The 
activity  of  the  mitochondrial  enzymes  was  compared  with  the  activity  of  regular 
preparations  of  “soluble”  methylases  present  in  a  100,000  X  g  supernatant  of  liver 
cell  homogenate.  The  observed  differences  in  activity  of  the  mitochondrial  and  cyto¬ 
plasmic  enzyme  preparations  point  to  mitochondrial  enzymes  which  are  not  identi¬ 
cal  to  methylases  isolated  from  the  soluble  portion  of  the  cytoplasm.  Experiments 
are  now  in  progress  to  determine  the  nature  and  quantity  of  the  methylated  nucleo¬ 
tides  produced  by  the  activity  of  each  of  the  2  types  of  methylase  preparation. 

MOLECULAR  ACTION  OF  THE  PHYTOHORMONE  IMDOLEACETIC  ACID— 
Igor  Y.  Sarkissian,  Department  of  Biology,  Texas  A&M  University ,  College 
Station,  7784 3, 

Purified  citrate  synthase  from  cauliflower  and  bean  can  be  activated  rapidly  by 
IAA  in  vitro .  Activation  is  observed  in  the  presence  of  high  ionic  strength,  acetyl 
CoA  concentrations  below  saturation  for  conditions  of  assay  and  at  pH  7.4.  When  the 
enzyme  is  exposed  to  either  of  the  substrates  prior  to  incubation  with  IAA,  activa¬ 
tion  by  IAA  is  considerably  reduced.  Activation  apparently  occurs  at  the  external 
SH  groups  of  citrate  synthase  distinct  from  the  active  site. 

Change  in  conformation  of  citrate  synthase  is  suggested  by  dependence  of  activa¬ 
tion  on  ionic  strength  and  substrate  (acetyl  coenzyme  A)  concentration.  It  is  sup¬ 
ported  by  earlier  elution  from  Sephadex  G  2-00  of  the  enzyme  treated  with  IAA.  In 
the  ultracentrifuge,  however,  the  treated  and  the  untreated  enzyme  showed  an 
S20w  of  5.99  S,  confirming  that  accelerated  elution  from  Sephadex  G-200  was  due 
to  change  in  conformation  of  the  enzyme  rather  than  increase  in  molecular  size. 

COMPARATIVE  STUDY  OF  CITRATE  SYNTHASE  OF  MAMMAL,  MICROBE 
AND  PLANT:  CHANGES  IN  CONFORMATION  AND  HORMONAL  AC¬ 
TIVATION  IN  VITRO  AND  IN  VIVO— Gerald  Greenblatt  and  Igor  V. 
Sarkissian,  Department  of  Biology,  Texas  A&M  University ,  College  Station, 
77843 . 

The  effect  of  ionic  strength  on  the  activity  of  citrate  synthase  purified  from 
Escherichia  coli ,  bakers  yeast,  pig  heart  and  bean  stems  was  studied.  The  enzymes 
from  the  various  species  reacted  quite  differently  with  increasing  concentrations  of 
K.C1.  The  enzyme  from  E.  coli  and  yeast  was  greatly  stimulated  and  that  of  the  pig 
and  bean  was  generally  inhibited  by  increasing  ionic  strengths.  The  available  kinetic 
data  indicate  ion  induced  conformational  changes. 

Highly  purified  preparations  of  citrate  synthase  from  bean  stems  depleted  of 
endogenous  indole-  3-  acetic  acid  during  growth  were  activated  by  IAA  in  vitro.  Such 
an  enzyme  can  apparently  be  activated  under  diverse  substrate  concentrations  and 
ionic  conditions.  The  conformation  of  the  enzyme  from  tissue  grown  under  super- 
optimal  hormone  levels  could  not  be  modified  in  vitro.  Activation  is  related  to  the 
auxin  levels  in  the  tissue  prior  to  extraction. 
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NUCLEAR  MALATE  DEHYDROGENASE  IN  A  HIGHER  PLANT:  REGULA¬ 
TION  by  SUBSTRATES,  IONIC  STRENGTH,  AND  HORMONE— G.  R. 

Djavadi  and  Igor  V.  Sarkissian,  Department  of  Biology ,  Texas  A&M  University , 
College  Station,  77843. 

Malate  dehydrogenase  was  found  in  purified  (triton-100,  sucrose  gradient)  nuclei 
and  mitochondria  of  stems  of  bean.  The  nuclear  enzyme  (n-MDH)  had  different 
electrophoretic  properties  from  the  mitochondrial  enzyme  (m-MDH).  Oxalacetate 
inhibited  m-MDH  but  not  n-MDH.  NADH,  on  the  other  hand,  inhibited  the  nuclear 
malate  dehydrogenase  but  not  the  mitochondrial.  The  inhibition  of  m-MDH  by 
OAA  was  relieved  by  phosphate.  Increase  in  ionic  strength  inhibited  both  forms  of 
MDH  but  the  enzymes  responded  differently  to  the  Na+  ion,  n-MDH  showing 
greater  resistance  to  inhibition  than  m-MDH.  The  hormone  indoleacetic  acid  in¬ 
hibited  nuclear  malate  dehydrogenase  while  accelerating  the  activity  of  mitochon¬ 
drial  MDH.  The  regulatory  implications  of  these  findings  will  be  discussed. 

IN  VITRO  MITOCHONDRIAL  COMPLEMENTATION  IN  NEUROSPORA 
CRASSA — E.  H.  Leiter,  D.  A.  LaBrie,  Arloa  Bergquist  and  R.  P.  Wagner, 
Department  of  Zoology,  University  of  Texas,  Austin,  78712. 

Mitochondrial  isoleucine-valine  biosynthesis  in  330a,  an  iv-1  mutant  of  Neuro- 
spora ,  is  blocked  at  the  dihydroxy  acid  dehydration  step  owing  to  a  mutation  in  the 
nuclear  structural  gene  for  the  specific  enzyme  dihydroxy  acid  dehydratase.  De¬ 
hydratase  purified  from  either  the  soluble  or  the  mitochondrial  fraction  of  wild-type 
cells,  and  incubated  in  vitro  with  330a  mitochondria,  restores  valine  synthesis  from 
pyruvate-14C  to  wild-type  levels.  Up  to  29%  of  the  restored  synthesis  could  be  at¬ 
tributed  to  the  penetration  of  enzyme  into  the  mitochondria.  However,  the  bulk  of 
the  restored  synthesis  was  found  to  be  mediated  via  the  secretion  of  dihydroxy  valine 
(DHV)  by  the  mitochondria  into  the  assay  milieu,  with  subsequent  enzymatic 
catalysis  of  this  metabolite  to  ketovaline  occurring  outside  the  organelle.  The  keto- 
valine  apparently  diffuses  back  into  mitochondria  for  final  transamination  to  valine. 
This  shunting  of  valine  precursors  in  and  out  of  mitochondria  has  been  demon¬ 
strated  to  be  the  mechanism  whereby  2  different  populations  of  isolated  mutant 
mitochondria,  from  330a  and  305  A  (an  iv-2  mutant  lacking  a  functional  reducto- 
isomerase),  can  complement  each  other  for  the  biosynthesis  of  valine,  even  when 
each  population  is  enclosed  in  a  separate  dialysis  bag.  This  observation  provides  the 
basis  for  a  biochemical  understanding  of  the  growth  complementation  at  the  or- 
ganismic  level  when  these  2  zY-requiring  mutants  are  cultured  together  on  minimal 
medium. 

MALIC  ENZYME  IN  HYMENOLEPIS  DIM1NUTA — Ben  G.  Harris,  Department 
of  Biological  Sciences,  North  Texas  State  University,  Denton,  76203. 

Studies  on  the  distribution  of  malic  enzyme  (L-malate:  NADP  oxidoreductase,  j 
decarboxylating)  (E.C.  1.1.1.40)  in  the  rat  tapeworm  Hymenolepis  diminuta  have  ; 
indicated  that  the  enzyme  (s)  is  located  both  in  the  cytosol  and  the  mitochondria.  ! 
Various  physical  parameters  suggest  that  the  enzymes  are  different.  The  physio-  | 
logical  function  of  the  enzymes  will  be  discussed. 

REGULATION  OF  THE  INTERMEDIATE  DE  NOVO  PATHWAY  OF  PY¬ 
RIMIDINE  BIOSYNTHESIS  IN  SERRATIA  MARCESCENS— J.  Wild  and 
W.  L.  Belser,  Division  of  Life  Sciences,  University  of  California,  Riverside, 
92502. 

The  de  novo  pathway  of  pyrimidine  biosynthesis  in  Escherichia  coli  and  Serratia 
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marcescens  is  repressive  by  nucleotides.  Four  of  the  intermediate  steps  of  this  path¬ 
way  exhibit  apparent  biochemical  coordinacy  when  relieved  from  nucleotide 
repression.  However,  the  loci  specifying  these  enzymic  steps  are  unlinked.  Pleio- 
tropic  effects  and  enzymatic  complementation  with  mutant  enzymes  from  S.  mar¬ 
cescens  suggest  an  interaction  of  gene  products  as  a  possible  mode  of  regulation. 
Biochemical  studies  in  enzyme  purification  support  a  model  of  polypeptide  aggrega¬ 
tion  as  a  means  of  regulating  enzymic  activity. 

STRUCTURE  AND  FUNCTION  OF  NEUROSPORA  CRASSA  INVERTASE— 
Z.  D.  Meachum,  Jr.,  H.  J.  Colvin,  Jr.,  J.  Duckenfield  and  H.  D.  Braymer, 
Department  of  Microbiology ,  Louisiana  State  University,  Baton  Rouge,  70803. 

Invertase  from  Neurospora  crassa  is  a  glycoprotein  (11%  mannan)  with  a  molec¬ 
ular  weight  of  210,000.  The  protein  is  composed  of  4  subunits  as  determined  by 
sedimentation  equilibrium  in  guanidine  hydrochloride  under  reducing  conditions. 
The  number  of  disulfide  bonds  contained  in  the  molecule  is  4  per  210,000.  These 
disulfide  bonds  are  not  available  for  reduction  until  the  protein  has  been  treated  with 
either  guanidine  hydrochloride  or  the  pH  has  been  raised  to  the  alkaline  side.  The 
protein  also  contains  2  sulfhydryl  groups  per  210,000.  The  enzymatic  activity  has 
been  reported  to  be  sensitive  to  p-hydroxymercuribenzoate.  The  subunits  of  the  en¬ 
zyme  have  also  been  reported  to  be  enzymatically  active.  We  have  evidence  that  2 
amino  acids  (leucine  and  serine)  are  released  by  carboxypeptidase  from  the  protein 
in  equimolar  amounts.  These  data  indicate  that  the  enzyme  contains  a  sulfhydryl 
group  in  the  active  site,  and  is  composed  of  4  subunits  of  2  different  types.  Hence, 
the  active  sulfhydryl  is  apparently  only  on  2  of  the  subunits. 

THE  ORGANIZATION  OF  DNA  IN  DROSOPHILA  POLYTENE  CHROMO¬ 
SOMES — Elizabeth  Dickson  and  Charles  Laird,  Department  of  Zoology,  Uni¬ 
versity  of  Texas,  Austin,  78712. 

Alternative  experimental  approaches  to  questions  of  chromosome  structure  and 
gene  organization  are  now  available  to  complement  more  traditional  methods  of 
genetic  analysis.  One  such  approach  depends  on  the  base-pairing  specificity  to  the 
complementary  strands  of  DNA. 

Kinetics  of  renaturation  of  separated  strands  of  DNA  in  solution  have  been  studied 
to  determine  the  sequence  diversity  present  in  DNAs  from  polytene  and  non-poly- 
tene  tissues  of  Drosophila  hydei.  The  results  indicate  that  about  80%  of  the  haploid 
genome  is  composed  of  unique  sequences,  that  these  unique  sequences  are  equally 
represented  in  DNA  from  polytene  cells,  and  that  a  rapidly  renaturing  component 
(which  represents  20%  of  non-polytene  DNA)  is  under-represented  in  DNA  from 
polytene  tissues.  The  implications  of  these  results  on  the  structure  of  polytene  chro¬ 
mosomes  and  the  organization  of  DNA  in  the  functional  units  in  Drosophila  will  be 
discussed. 

THE  TIME  OF  FUNCTION  OF  A  GENE  CONTROLLING  MEIOTIC  CHRO¬ 
MOSOME  BEHAVIOR  IN  DROSOPHILA  M EL ANOG AST ER— Dilys  M. 
Parry  and  Charles  Laird,  Department  of  Zoology,  University  of  Texas,  Austin, 
78712. 

A  mutant  mei-5282  which  affects  the  first  meiotic  division  in  females  has  been 
isolated  from  a  natural  population  of  Drosophila  melanogaster.  This  recessive  mu¬ 
tant,  located  in  the  3rd  chromosome,  has  2  major  effects:  it  reduces  recombination 
on  all  chromosomes  in  a  polarized  manner,  and  it  causes,  at  a  low  frequency,  non¬ 
disjunction  of  all  chromosome  pairs.  The  nondisjunction  of  different  chromosomes 
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is  highly  correlated  within  each  cell.  Each  chromosome  pair,  however,  undergoes 
recombination  independently  of  the  other  bivalents.  These  data  suggest  that  mei- 
5282+  is  involved  in  the  pairing  of  homologues  prior  to  recombination  and  dis¬ 
junction.  Such  pairing  begins  at  the  centromere,  and  proceeds  distally  along  the 
chromosome  arms. 


ASSAY  OF  EXPRESSION  OF  NON-REPEATED  GENES  IN  DROSOPHILA 
MEL  AN OG  ASTER — Stella  H.  Turner  and  Charles  Laird,  Department  of  Zo¬ 
ology,  University  of  Texas,  Austin  78712 

In  order  to  understand  gene  organization  and  regulation  in  Drosophila  melano- 
gaster ,  it  is  important  to  obtain  quantitative  measurements  of  genetic  activity  during 
development.  Using  standard  DNA-RNA  hybridization  techniques,  one  observes 
primarily  the  reaction  of  RNA  with  repeated  DNA  sequences  since  these  sequences 
are  present  in  relatively  higher  proportions  in  the  reaction  mixture.  Since  such 
hybrids  are  not  completely  sequence  specific,  it  is  difficult  to  obtain  a  quantitative 
estimate  of  gene  activity.  It  is  possible,  however,  to  remove  the  repeated  fraction  of 
DNA  so  that  the  expression  of  non-repeated  genes  can  be  studied  separately.  Using 
non-repeated  DNA  in  hybridization  of  these  sequences.  The  technique  used  involves 
solution  hybridization  of  radioactively  labeled  non-repeated  sequence  DNA  with 
RNA  prepared  from  various  stages  in  development.  Hybrids  are  separated  from 
single-stranded  DNA  by  hydroxylapatite  column  chromatography.  Preliminary 
evidence  suggests  that  a  minimum  of  5,000  bacterial-sized  cistrons  (5,000  DNA 
sequences  of  1,000  nucleotides;  5%  of  the  non-repeated  DNA  in  Drosophila)  are 
expressed  in  any  developmental  stage.  The  possibilities  that  RNA  sequences  present 
in  low  frequencies  fail  to  hybridize  under  these  conditions  or  that  a  portion  of  the 
non-repeated  DNA  is  not  expressed  will  be  discussed. 


FLAVIN  BINDING  AND  CONFORMATIONAL  ASPECTS  OF  LIPOAMIDE 
DEHYDROGENASE — J.  Visser,  (on  leave  from  the  Department  of  Biochemis¬ 
try,  Agricultural  University  at  Wageningen,  The  Netherlands),  Department  of 
Chemistry,  Texas  A&M  University,  College  Station  77843. 

Lipoamide  dehydrogenase  (E.C.  1. 6.4.3)  from  pig  heart  is  a  part  of  the  a-KGD 
and  PDC  multienzyme  complexes;  it  has  a  mol.  wt.  of  104,000  and  consists  of  2 
presumably  identical  subunits,  each  containing  one  tightly  bound  prosthetic  group 
(FAD)  and  one  disulfide  in  the  catalytic  center.  Removal  of  the  flavin  results  in  an 
apoenzyme  which  differs  structurally  in  many  respects  from  the  holoenzyme. 
Furthermore  the  mol.  wt.  is  reduced  to  52,000  but  the  polypeptide  has  also  lost  its 
thermo-  and  urea-stability  while  it  gained  in  hydrophobicity,  helical  content  and 
protein  fluorescence  emission. 

The  initial  step  in  the  flavin  binding  is  very  rapid  (<  3  msec).  Fortunately  the 
monomer  (E-FAD)  has  a  highly  stimulated  activity  with  the  artificial  substrate 
2,6-dichlorophenol  indophenol  as  compared  with  the  native  holoenzyme.  Moreover, 
it  shows  hardly  any  activity  with  lipoate.  The  dimerization  is  accompanied  by  a 
return  of  the  lipoate  activity.  Time-dependent  and  condition-dependent  aspects  of  the 
recombination  process  can  be  studied  by  following  the  activity  parameters  in  com¬ 
bination  with  flavin  fluorescense  polarization  and  intensity. 

By  using  flavin  analogs,  evidence  has  been  obtained  for  the  involvement  of  mul¬ 
tiple  forces  for  flavin  binding.  Some  FAD-derivatives  (3-methyl  FAD,  3-carboxy- 
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methyl  FAD,  F-8bromoAD)  partially  restore  the  monomer  activity  with  DCIP  but 
only  3-methyl  FAD  has  been  found  weakly  active  in  restoring  the  lipoate  activity. 
FMN  and  all  its  analogs  tested  do  not  restore  any  activity  but  interfere  with  the 
FAD  binding  if  preincubated  with  the  apoenzyme.  Inhibition  of  the  FAD  binding, 
particularly  by  FMN,  has  proven  to  be  useful  in  establishing  conformational  changes 
during  the  recombination  process.  Restoration  of  all  native  properties  (heat-  and 
urea- stability,  FMN  insensitivity)  takes  much  longer  (24  hr.  or  more)  than  restora¬ 
tion  of  the  full  native  catalytic  activity. 
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Physical  Interpretation  of  Some  Oscillation  Theorems 
in  the  Theory  of  Ordinary  Differential  Equations 
by  V.  KOMKOV 

Department  of  Mathematics 

Texas  Tech  University ,  Lubbock  79409 

1.  INTRODUCTION 

The  theory  of  differential  equations  of  Sturm-Liouville  type  and  of 
corresponding  self-adjoint  equations  of  higher  order  has  been  devel¬ 
oped  over  more  than  a  century  of  extensive  research.  Three  basic 
problems  which  occupied  many  researchers  are: 

1 )  the  oscillatory  behavior 

2)  the  stability 

3)  boundness 

of  the  solutions  of  such  systems. 

These  problems  are  intimately  related  with  some  basic  problems  of 
calculus  of  variations  (see  for  example  Courant  and  Hilbert,  1953, 
Vol.  2;  Leighton,  1949;  Mikhlin,  1965),  to  some  problems  in  func¬ 
tional  analysis  (see  Collatz,  1960,  1964),  with  the  assymptotic  be¬ 
havior  (see  for  example  Levinson,  1946).  For  higher  order  equation 
the  disconjugacy  problem,  which  could  be  regarded  as  a  special  kind 
of  non-oscillation  problem,  has  been  the  subject  of  extensive  investi¬ 
gation.  (See  for  example  papers  of  Barrett,  1959) . 

In  this  note  we  intend  to  point  out  that  following  a  physical  inter¬ 
pretation  of  the  differential  equations  of  the  Sturm-Liouville  type 
many  of  these  results  are  either  physically  obvious,  or  could  be  con¬ 
jectured  with  only  a  minimum  of  experimentation,  or  physical  intu¬ 
ition.  Finally,  we  make  some  additional  conjectures  based  on  physical 
intuition. 


2.0.  A  QUICK  REVIEW  OF  ELEMENTARY  PHYSICAL  CONCEPTS. 
THE  MOTION  OF  A  FREE  PARTICLE,  THE  LAGR  AN  GIAN  AND  THE 
HAMILTONIAN. 

When  a  single  particle  moves  in  an  external  force  field  of  n-dimen- 
sional  space  its  velocity  and  position  are  given  by  2n  quantities: 

Xi ,  xi  (i  =  1,2, . . .  ,n). 
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The  motion  is  therefore  a  parametrized  curve  on  a  2n-dimensional 
differentiable  manifold  (with  time  variable  t  as  the  physical  interpre¬ 
tation  of  the  parameter) . 

In  our  discussion  the  motion  is  one-dimensional  and  the  correspond¬ 
ing  manifold  is  represented  by  the  Euclidean  plane  E2.  On  each  path 
we  may  assign  certain  functionals  associating  with  each  value  of  the 
parameter  t,  t  e  [0,T],  a  unique  real  number.  A  functional  <£(x,x,t) 
whose  value  is  constant  for  all  t  e  [0,T]  is  called  an  integral  of  the 
motion.  In  the  metric  given  on  our  space  let  ds  represent  an  increment 
of  length  along  the  curve  of  motion  (in  the  given  coordinate  system). 
The  magnitude  of  the  velocity  vector  V  is  given  by 


and  in  our  case  (one  dimension) 


V  = 


We  define  the  kinetic  energy  by: 


T  =  f(mV  •  V) 


(1) 


Assuming  that  the  forces  F  (x)  are  derived  from  a  potential,  we  intro¬ 
duce  the  potential  energy  function  U,  such  that 


F(x)=- 


(2) 


The  principle  of  least  action. 

Let  us  assume  that  the  states  of  a  mechanical  system  are  given  at 
2  values  of  the  time  parameter  t,  say  ti,  and  t2,  i.e.  in  the  one  dimen¬ 
sional  case  x(ti),  x(ti),  x(t2),  x(t2)  are  fixed.  Then  the  principle 
asserts  that  the  motion  of  the  system  is  such  that  the  functional 


f2 

J  X  (x,x,t)dt 

ti 

(called  the  action  integral)  takes  an  extreme  value.  The  function 
X(x,x,t)  satisfying  this  requirement  is  called  the  Lagrangian  of  the 
system.  If  the  path  of  motion  (i.e.  the  parametrized  arc)  is  sufficiently 
smooth,  then  X  will  satisfy  Euler-Lagrange  variational  equation: 


ax 

0X 


_d 

dt 


=  0 


(3) 
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In  the  case  when  the  external  forces  are  time-independent,  we  have: 


X  =  T  —  U,  (2) 
the  form: 


The  function 


is  called  the  Hamiltonian  of  the  system.  It  is  clear  from  (3)  and  (4) 
that  if  X  is  not  an  explicit  function  of  time,  then  H  is  an  integral  of 
the  motion,  and  that  in  this  case 

H  =  T  +  U  (6) 

so  that  H  representing  the  total  energy  of  the  system  is  conserved. 
(See  Landau  and  Lifshitz  1961  for  an  exposition.) 

3.  ANOTHER  LOOK  AT  THE  STURM-LIOUVILLE  EQUATION. 

We  consider  the  Sturm-Liouville  system: 

L(x)=A  [a(t)^]  +c(t)x  =  0,  (7) 


3-C 


=0  and  the  Euler-Lagrange  equations  assume 

d  nr 

(4) 

(5) 


cE 


„  •  3X  r 

H  =  x  .  ■  —  X 


on  the  interval  t  e  [0,T] .  Let  us  assume  that 


a(t)  >  0,  c (t)  >  0 


We  shall  be  interested  primarily  in  oscillatory,  or  non-oscillatory 
behavior  of  the  equation  (7).  If  a  solution  of  (7)  has  infinitely  many 
zeros  on  an  infinite  interval  [to,00],  we  say  that  the  solution  is  oscil¬ 
latory.  Otherwise  it  is  non-oscillatory.  On  a  finite  interval  [t0,ti]  we 
shall  say  that  a  solution  oscillates  if  it  has  at  least  two  zeros  on  that 
interval.  We  say  that  the  solution  x(t),  x(t0)  =  0  is  disconjugate  on 
some  interval  [t0,ti]  (finite  or  infinite)  if  x(t)  has  no  other  zeros  on 
[to,ti],  where  tx  could  be  +°°).  We  return  to  the  oscillatory  classifi¬ 
cation  of  the  equation  (7) . 

This  can  be  physically  interpreted  as  a  mass-spring  system  shown 
on  Figure  1 . 


k  =  c  (t) 

-AV\V- 


a  (t) 


Figure  1 
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where  the  mass  and  the  spring  constant  may  vary  as  functions  of  time. 

The  classical  comparison  theorem  of  Sturm  makes  the  following 
(physically  trivial)  observation:  If  we  compare  2  systems  possessing 
the  same  mass 

ai(t)  =  a2(t)  —  a(t), 

but  the  spring  of  the  2nd  system  (with  suffix  2)  is  stiff er  than  of  the 
first  system,  c2(t)  >  Ci(t),  t  e  [a,/?]  then  the  second  system  will 
vibrate  freely  with  a  higher  frequency. 

In  other  words  if  the  equation 

cE  ^  +C1(t)x  =  0  (*) 

has  zeros:  x(a)  =  x(/?)  =  0,  (a  <  /I),  then  the  equation 

2  (a(t)  +  c2(t)x  =  0  (**) 


will  have  at  least  one  zero  in  the  interval  [a,/3] .  The  Sturm-Piccone 
theorem  makes  a  similar  assertion  if  the  2nd  system  has  either  a 
stiff  er  spring:  c2(t)  >  Ci(t),  or  a  smaller  mass:  ax(t)  >  a2(t),te  [a,/?]. 

A  more  direct  energy  approach  was  introduced  by  Leighton  (1949) , 
who  considered  the  action  integral  J,  given  by: 

P  /dx\2 

J (x,x)  =  J'  [a  (,-jP  —  cx2] dt.  (8) 

a 

Leighton’s  theorem  asserts  the  following:  Let  there  exist  a  function 
x(t)  satisfying  x(/3)  =  x(a)  =  0,  x  e  c1,  t  e  [«,/?].  Let  J[x]  == 


—  Cx2]dt  be  nonpositive,  i.e.  let  J(x)  <  0. 


Let  L  be  the  operator 

Ly=(47+c„  (-4= 


Then  any  solution  y(t)  of  the  equation  Ly  =  0  will  vanish  at  some 
point  of  [a,/5] . 

The  proof  of  this  theorem  is  available  in  textbooks.  We  shall  repeat 
it  here  for  the  sake  of  completeness. 

Assume  to  the  contrary  that  y(t)  ^  0  on  [a,/3].  Clearly,  y(t) 
cannot  be  a  constant  multiple  of  x(t).  (Since  x(a)  =  0).  We  use  the 
equality: 


P  x2L(v)  @ 
j  _ — dt + j  [A(X'): 


Cx2]  dt  =  f  Ay2L(~)?dt  +  f  (^y')'dt 

of  J  rv  J 
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rNott  Ay=[(|)V  +  (^|£)' 


=  +  2  +  (i)‘[(A/)-  +  Cy]  , 


which  is  easily  simplified  to  the  integrand  of  the  right  hand  side  of 
the  above  equality.) 

Since  L(y)  m  0,  we  have 


/A[y(|)'].d.  +  ^ 


/3 

a 


=  / A[y(— )']*dt  =  J(x). 

a  J 


But  the  left  hand  of  this  equality  is  positive,  except  if  ■ —  =  constant, 

a  possibility  which  has  been  excluded.  This  is  a  contradiction  and  the 
theorem  is  proved. 

We  can  translate  this  theorem  into  physical  terms  by  introducing 
a  function  g(t) : 


g(t)=  (a^)'+Cx 


and  regard  g(t)  as  the  force  applied  to  the  single  degree  of  freedom 
mass-spring  system. 

If  g(t)  is  applied  to  this  system,  the  system  clearly  does  vibrate  on 
the  time  interval  [a,b].  (See  the  hypothesis.)  However,  the  work  per 
formed  by  g(t)  is  given  by 

J  xg(t)dt  =  J  x-[(Ax')'  +  Cx]dt  =  J  [Cx2  —  A(x')2]dt, 

a  a  a 

which  is  exactly  [— J  (x)  ] ;  hence  this  work  is  positive.  This  implies 
that  the  force  g(t)  “hindered”  the  restoring  force  of  the  spring.  Hence, 
if  we  apply  no  force  at  all,  the  system  should  be  restored  to  the  zero 
position  easier;  hence,  it  should  vibrate,  that  is  the  system  will  through 
the  zero  deflection  point  on  the  interval  [a,/?]. 

If  we  compare  the  behavior  of  the  2  systems  ( * )  and  ( *  *  ) ,  we  could 
form  the  difference  of  the  action  integrals: 

Y  (Ji-J.)  =  /  [Xi(f,4i,t)  -  ^(f2,f2,t)]dt. 

a 

Then  a  theorem  of  Leighton  states  that  if  Ji— J2  >  0  and  the  first 
system  has  at  least  2  zeros  on  [a, /?] ,  then  the  2nd  system  must  have  a 
zero  on  [a,/?] . 
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Again  the  physical  interpretation  is  obvious.  If  the  system  oscillates 
(that  is,  assume  at  least  2  zeros),  it  will  do  so  if  we  decrease  the  value 
of  the  action  integral,  for  example,  if  either  we  decrease  the  average 
kinetic  energy,  or  if  we  increase  the  average  potential  energy. 

The  relation  of  the  action  integral  to  the  product 

js  p  d  f  dxl 

<x,Lx>  =J  (x-Lx)dt  =  J  {x-jj-  [_a(t)  -^-J  +x2C(t)}dt  (10) 

a  a 

is  given  by  Green’s  formula: 


<x,L(x)>  =  — J(x)  +  [a(t)xx]£  .  (11) 

ys 

Rewriting  J  (xL(x)dt  >  0,  Leighton  obtains  the  following  theorem 

a 

which  is  an  analogue  of  (9) : 

The  conclusion  of  (9)  is  correct  if: 


/  [(C2  -  —  COf2  +  ajf  (-X  ]dt  >  0.  (12) 

ai  ai 

a 

This  inequality  can  be  manipulated  into  the  form: 

/  [a2  (<o22  —  (»2i)  f2  +  c2  (-A-  —  —  — )  ff]  dt  >  0  (13) 

l  <•>  2  Cx  C2 

where 


o>22 


c2(t) 
a2(t)  5 


Ci(t) 

ai(t) 


(14) 


This  result  does  not  have  an  immediate  interpretation,  except  that 
under  additional  assumptions  on  ai,a2,Ci,c2  it  may  imply  w2  >  a^.  At 
this  point  we  would  like  to  comment  on  the  surprising  lack  of  the 
direct  use  of  this  ratio. 

If  c(t)  and  a(t)  are  constant  on  some  time  interval  [ta,  t2]  w(t)  is 
exactly  the  frequency  of  oscillation  on  that  interval.  It  has  been 
proved  by  Leighton  that  the  distance  between  successive  zeros  of  a 
solution  (i.e.  of  the  displacement  x(t) )  is  a  continuous  function  of  the 
coefficients  of  the  equations.  Hence  if  c(t),  a(t)  are  slowly  varying 
in  the  sense  that  c(t),  a(t)  are  small  compared  with  c(t)  >  0, 
a(t)  >  0,  on  some  interval  [tl9 12],  it  is  easy  to  prove  that  the  distance 
between  successive  zeros  of  the  solution  will  be  some  average  value  of 


[2tto)  ( t)  ]  1  — 


(.2*c(t)  yi/2 

V  a(t)  J 
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on  that  interval,  meaning  that  it  will  lie  between  the  smallest  and  the 
largest  of  values  of  [27r<o(t)]-1/2  attained  on  that  interval.  That  is  if 
co(t)  7^  a  constant,  the  effective  frequency  coe  will  have  the  property 

®min  ^  ^  ®max  9 

and  the  inequalities  are  strict.  We  can  think  of  the  variation  of  «(t) 
as  changes  in  the  frequency  of  oscillation  of  the  system. 

If 


lim  o)  (t)  =  0 

t-»  00 

we  can  safely  predict  that  either  the  system  is  non-oscillatory,  or  else 
the  distance  between  consecutive  zeros  of  the  solution  becomes  un¬ 
bounded  on  any  infinite  ray  [t05  00  ].  The  following  classical  theorem 
can  therefore  be  hardly  regarded  as  physically  surprising. 

Theorem  3.1  (Leighton) 

Let  a(t)-c(t)  =  y (t)  be  a  monotone  function  of  t  on  some  infinite  ray 
[t0,  00 ]  and  let  the  solutions  of  (*)  be  oscillatory.  Then 


/ 

to 


'  (t)  dt 


f "  ( c(t)  y/z 

J  '  a  r 


a(t) 


dt 


The  Total  Energy . 

We  shall  refer  to  the  quadratic  form: 

e(t)  =  l/2[a(x')2  +  c(x)2]  (15) 

as  the  total  energy  of  the  system  (7).  Along  the  trajectory  x  = 
x(t;t0?x0) ,  the  total  energy  £  (t)  is  a  function  of  t  only.  Its  rate  of 
change  is  given  by: 


<f(t)  —  -i-  [2ax'x"  -f  a'  (x')2  +  cf  (x)2  +  2cx'x] 


=  x'  [ax"  +  —  a'x'  +  cx]  +  —  c'x2 

A  A 

=  x'  {  [~  (ax')  +  cx]  —  ~  a'x'}  +  ~  c'x2 

QX  A  A 


-ia'tx'JH-ic'tx) 


(16) 


With  apologies  to  W.  T.  Reid,  Kondrat’ev,  and  Leighton  we  have 
already  commented  on  the  surprising  scarcity  of  theoretical  argu¬ 
ments  making  use  of  the  properties  of 


c(t) 

a(t) 


<o2(t)  = 
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The  predicted  behavior  of  the  action  integral  and  of  total  energy  along 
trajectories  of  the  equation  does  give  vital  clues  to  oscillation  and  sta¬ 
bility  of  solutions  of  the  equation.  Some  energy  arguments  predicting 
oscillatory  behavior  are  given  below. 

Definition 

Let  x(t;a,x(a))  be  a  trajectory  (i.e.,  a  solution  of  the  system 
(a(t)x')'  +  c(t)x  =  0,  a  <  t  <  /?,  x  #  0,  and  let  us  consider  the  action 
integral  as  a  function  of  p  only 

J(x,a,/?)=J  (a(x')2  “  cx2)dt  =  4>(P), 

a 

regarding  a  as  fixed.  We  define  the  values  p  —  Pi  >  a,  i=  1,2, .  .  . , 

Pi  >  pi  if  j  >  i,  to  be  the  action  conjugate  points  of  a  on  the  trajectory 
x(t;a,x(a))  if  J(x,a,/b)  =  0. 

The  assumption  is  made  that  Pi  form  at  most  a  countable  subset  of 
the  real  line.  This  is  easily  justified.  Assume  to  the  contrary  that  such 
points  pi  are  not  countable,  hence  that  they  have  an  accumulation 
point  p  s  [a,/?].  But  then  we  easily  show  that  x(p)  =  0,  x'(/?)  =  0 
(and  also  x”(p)  —  0,  if  it  exists.)  Hence,  changing  variable  r  =  — t,  ‘ 
y  —  x(— r),  we  have  the  following  initial  value  problem: 

Solve  (for  all  r  >  — /?)  the  system: 

ar(a(“T)  4r^)+c(-)y(T)=°  w) 

y(-/0=o 

A(-,)=o. 

The  only  continuously  differentiable  solution  of  this  system  is 
y(r)  =  0,  which  contradicts  our  assumption  x(t;a,x(a))  #  0.  Hence, 
no  such  accumulation  point  p  is  possible.  In  fact  we  proved  that  even 
if  Pi  are  countable  they  cannot  have  a  limit  point. 

Theorem  3.2 

Let  x(t;a,x(a) ),  00  >  t  >  a,  be  a  trajectory  (x  #  0),  of  the  equation 
(*)  satisfying:  a(t)  >  0,  the  initial  condition:  x(a;a,  x(a))  =  0,  and 
the  condition:  (i)  below.  Then  x(t;a,x(a))  is  oscillatory  if  and  only 
if  the  corresponding  function  <£(£),  £  ^  a,  is  oscillatory.  (</>(!)  = 

J  [a(x')2  —  c(x)2]dt).  Condition  (i) :  for  sufficiently  large  t,  sign  of 

a 

c'(t),  and  a'(t)  is  constant,  and  lim  sign  (a'(t)/c'(t) )  =  —1. 
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Proof:  <£(|)  —  J—  [x(t).L(x)]dt  +  ax(t)  .  x'(t) 

=  “ax(|)x'(|).  (22) 

Hence,  <j>(g)  must  be  oscillatory.  Conversely  let  us  assume  that  <£(£) 
is  oscillatory. 

By  the  way  of  contradiction  let  us  assume  that  x(t;a,  x(a))  has 
only  a  finite  number  of  zeros  on  [a,00].  Hence,  there  exists  some 
value  t  =  g  such  that  x(t;a,  x(a) )  has  no  zeros  on  the  infinite  interval 
[I,00].  Then  x'(t;a,  x(a) )  must  have  infinitely  many  zeros  on  (I,00). 
Let  us  denote  them  by  glyg2,  ...,£<  |i<  g2  <  is  <  ,  .  .  .  ,  x'(&)  = 

x'(g2)  =  •  •  •  =  0. 

It  is  clear  that  x(t;a,  x(«))  assumes  either  a  maximum  or  a  min- 
mum  at  each  of  these  points.  (Otherwise  x"(fi)  =0  which  would 
imply  x(£)  =  0,  which  contradicts  our  choice  of  the  points  g i9  i  =  1, 
2,  .  .  .).  It  is  also  clear  that  the  zeros  of  x'(t)  may  not  have  a  limit 
point  on  (I,00). 

We  illustrate  the  typical  behavior  of  x(t;  a,  x(a))  for  t  >  g  in 
Figure  2  below. 

It  follows  immediately  from  the  formula  (15)  and  from  the  monotone 


Figure  2 
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property  of  c(t)  that  the  total  energy  of  the  system  may  not  be  a 
monotone  function  of  t  on  any  infinite  interval  [li,00].  However,  this 

is  exactly  the  behavior  of  £  (t)  implied  by  our  hypothesis  that 

is  of  constant  negative  sign  for  sufficiently  large  t.  (See  equation 
(16)).  This  is  a  contradiction,  and  the  theorem  is  proved. 

We  recall  that  the  equation  (*)  is  discon  jugate  on  the  finite  interval 
[a,/3]  if  any  non-trivial  solution  x(t;a,0)  of  the  equation  (*)  satisfy¬ 
ing  the  initial  condition  x(a)  =0  has  no  other  zeros  on  [a,/?].  The 
equation  is  disconjugate  if  it  is  disconjugate  on  every  interval  [a,/?], 

a  <  fi  <  oo. 

Theorem  3.3. 

Let  [a,/?]  be  a  fixed  interval,  and  let  c(t),  a(t)  in  the  equation  (*) 
satisfy  the  condition:  sign  (c'(t))  =  —sign  (a'(t)),  a  <  t  <  /?.  Then 
the  solution  x(t;a,0)  of  (*)  is  disconjugate  if  and  only  if  the  corre¬ 
sponding  function  </>(£)  has  at  most  two  zeros  on  [a,/?]. 

Proof: 

Assume  that  x(t;a,0)  is  not  disconjugate  on  [a,/?].  Using  formula 
(22)  it  is  clear  that  0(|)  will  have  at  least  three  zeros  on  [a,/?].  We 
have  0(«)  =  0,  and  also  0(r2)  =0  for  the  value  of  t2  >  a  where 
x(r2;a:,0)  =  0.  By  Rolle’s  theorem  x'(t)  =  0  at  some  point  tx  on  the 
interval  [«,r2],  and  by  formula  (22)  0(n)  =0.  Conversely,  let  us 
assume  that  x(t;a,0)  is  disconjugate  and  let  us  assume  by  the  way  of 
contradiction  that  0(|)  does  have  three  or  more  zeros  on  [a,/3] .  An 
argument  analogous  to  the  one  given  in  theorem  (3.3)  shows  that  x(t) 
has  a  behavior  similar  to  that  illustrated  in  Figure  2  and  that  the  total 
energy  may  not  be  a  monotone  (either  non-increasing,  or  non-decreas¬ 
ing)  function  of  t  on  [a,/?] .  This  contradicts  the  hypothesis  concerning 
the  sign  of  c'(t)  and  a'(t)  on  [a,/3],  thereby  proving  that  0(|)  has  at 
most  2  zeros  on  [a,/3] .  This  completes  the  proof. 

An  obvious  corollary  is  obtained  by  letting  /3  —  +00. 

Example  1 

Consider  the  equation: 

(t2e-‘x')'  +  L  x  =  0,  k  >  0,  t  >  1, 
x(l)=0. 

The  action  integral  function  0(|)  is  given  by: 

/  [t2e_t  (x') 2  —  yx2]  dt.  =  </>(!). 
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and  the  total  energy  is 

tr 

£ (t)  t2e_t(x')2 '+  —  (x)2,  and  by  formula  (16) 

ff'(t)  =  -  X2  -  (2te-‘  +  t2e-‘)  (x')2  <  0, 


for  all  t  >  1 

We  shall  show  that  is  non-oscillatory.  Hence,  by  theorem  (3.2) 
we  conclude  that  all  solutions  of  this  equation  are  non-oscillatory.  To 
prove  this  let  us  assume  to  the  contrary  that  $(§)  is  oscillatory.  We 
conclude  that  x'(t)  must  have  infinitely  many  zeros  on  [l,00].  This 
is  impossible  because  of  the  monotone  behavior  of  the  total  energy  of 
this  system.  Hence,  all  solutions  of  this  equation  are  non-oscillatory. 
Example  2. 

We  consider  the  system: 

(-jx')  '  +  -^(t  +  -i-sin2t)x  =  0,  t>Z-, 

xO/2)  =  0. 

We  note  that 

1  1  1 

c(t)  =  — t  T  —  sin  2t  =  J  (cos2t)dt 

is  always  positive  and  so  is  cf(t)  =  cos2t. 

Hence,  the  total  energy  of  the  system  is  a  monotone  non-decreasing 
function  for  all  t  >  tt/2: 

2  ~  —  c'(t)x2  —  a'(t)  (x')2  —  cos2t(x2)  T  ^-(x')2  ^  0. 

d£ 

(In  fact  the  only  possibility  of  zeros  of  occur  if  x'  =  0  and  cos  t  =  0 
simultaneously,  that  is  if  x'  —  0  at  t  =  k?r  •+  ~  for  some  integer  k.) 

A  rather  complex  argument  shows  again  that  the  oscillatory  behavior 
of  $(!)  cannot  be  reconciled  with  the  monotone  behavior  of  the  total 
energy  of  the  system  for  sufficiently  large  values  of  t. 

4.  OSCILLATION  AND  THE  LIAPUNOV  FUNCTIONS 

If  we  take  another  look  at  the  arguments  of  the  preceding  section, 
we  could  observe  that  the  only  properties  of  the  total  energy  function 
which  were  used  in  the  proofs  were  the  following 

i)  £  (x,x,t)  was  a  positive  definite  function  of  x,x.  (This  means 
£  >  0  for  all  x,x,t,  and  £  =  0  only  if  x  =  x  =  0) . 
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ii)  We  required  the  monotone  behavior  of  <f(t).  (Or  alternately 
we  required  the  existence  of  infinitely  many  intervals  on  [to,00]  such 
that  £ (t)  is  not  monotone  one  each  such  interval.) 

iii)  £ (x,x,t)  was  once  continuously  differentiable. 

A  function  with  the  properties  i),  ii),  iii)  is  called  a  Liapunov 
function,  and  for  a  physical  system  it  represents  an  energy  form 
associated  with  the  behavior  of  such  systems.  A  famous  theorem  of 
Liapunov  asserts  that  if  a  Liapunov  function  V  (x,x,t)  does  exist,  such 

that  along  any  trajectory  of  the  system  jj-(V(x,x,t)  <  0,  then  the 

corresponding  differential  equation  (not  necessarily  a  linear  one) 
must  be  stable,  (see  the  basic  definitions  and  the  related  theorems  in 
LaSalle  and  Lefschetz,  1961,  Chapter  1.) 

A  recent  article  (Burton,  1969)  introduced  the  study  of  Liapunov 
functions  for  the  purpose  of  establishing  oscillatory  criteria  for  non¬ 
linear  systems  of  ordinary  differential  equations. 
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Mappings  That  Remove  Singularities 

by  S.  K.  HILDEBRAND  and  H.  W.  MILNES 

Department  of  Mathematics 

Texas  Tech  University ,  Lubbock  79409 

1.  INTRODUCTION 

This  paper  describes  a  set  of  homeomorphic  mappings  of  the  domain 
of  a  continuous  function  of  one  or  many  variables  not  possessing 
specified  differentiability  properties  at  a  point,  to  one  possessing  the 
desired  properties  at  the  point.  For  instance,  the  function  f  where: 

f(x)  =  |x|,  X  £  [  1 ,  1  ]  (1.1) 

does  not  possess  a  derivative  at  x  =  0  but  if  the  neighborhood  of  0, 
{x|x  e  [—1,  1]},  is  transformed  by  the  transformation  T:  [— 1,  1] 
[-1,  1]  given  by 

f  V  |x|  ,  x  £  [0,  1] 

T(x)  —  ]  (1.2) 

l-y  |x|  ,  x  £  [-1,  o] 

(note,  if  the  domain  had  been  (— qq,00),  the  rest  of  the  domain  would 
have  remained  fixed)  which  is  obviously  a  homeomorphism,  then  it 
is  seen  that  setting  f  (x)  =  g°T  (x)  =  g(T  (x) )  transforms  the  function 
f  into  the  function  g  such  that  g(x)  =  x2,  x  s  [— 1,  1],  a  parabola  with 
a  derivative  at  x  =  0. 

The  previous  example  is  simple  but  the  significance  of  the  problem 
may  be  understood  by  considering  the  more  troublesome  example: 

f(x)  =x(l  -  |sin^-|),  |x|  s  [0,  1]  (1.3) 

which  is  a  function  with  a  condensation  of  cusps  at  the  origin.  We 
will  show  there  exists  a  homeomorphic  transformation  of  a  neighbor¬ 
hood  of  the  origin  such  that  the  resulting  function  will  have  derivatives 
of  all  orders  at  this  point. 

Observe  in  the  first  example  given  above,  that  the  function  T:  [— 1, 
1]  ->  [—1,  1]  determines  a  2nd  function,  which  shall  be  denoted  by 
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T',  from  the  set  of  continuous  functions  on  [—1.  1]  to  the  set  of  con¬ 
tinuous  functions  on  [—1,  1]  such  that  T'(f)  =■  g.  The  notation  T' 
shall  be  used  with  the  above  meaning  even  when  the  domain  of  the 
function  T  is  less  restrictive. 


2.  FUNCTIONS  OF  A  SINGLE  VARIABLE 


Theorem  2.1.  Let  f  be  a  continuous  function  and  x„  an  element  of 
the  domain  of  f.  Then  there  exists  a  function  g  with  the  following 
properties: 

(1 )  g  is  a  continuous  function  on  the  domain  of  f; 

(2)  g(x„)  =  f(x„) 

(3)  g(x)  >  f(x),  for  each  x  in  the  domain  of  f 

(4)  g(x0-+x,)  >g(x0  +  x2)  for  |x,|  >  |xo| 

(5)  g(x0  +  x,)  f=  g (xy  -  x,) 

Proof:  Let  f  >  0  be  arbitrary  and  define  A  such  that: 

A(f)  =  max  {8  such  that  |f (x)  —  f(x0)  |  <  f 

for  |x  —  x0|  <  8}  (2.1) 

A(0)=0  1 


Here  A  may  be  infinite.  We  note  that  A(f)  >0  for  f  >  0  and  that  A 
is  a  non-decreasing  function  of  e  which  may  have  discontinuities. 
Consider  the  function  y  which  is  the  collection  of  all  pairs  (x,  y(x)) 
where  for  a  given  x. 


y (x)  =  f (x„)  +  f(x)  ,  (2.2) 


with  e (x)  the  minimum  F-value  that  will  make  |x  —  x0|  <  A(f) .  The 
function  y  is  non-decreasing  for  x  >  x„,  it  is  symmetric  with  respect  to 
the  line  x  =  x„,  it  satisfies  y (x)  >  f(x)  for  all  x  and  y (x„)  =  f  (x0), 
but  y  may  have  jump  discontinuities.  However,  notice  that  y  is 
integrable. 

Now  define  the  function  g  as  follows: 


g(x) 


f  (x)  for  x  =  Xo 


~j  y(z)d: 


<  x 


for  x  7^  x„ 


(2.3) 


g  is  readily  seen  to  be  continuous  at  all  points  not  equal  to  x0  by  the 
properties  of  integration,  and  to  be  continuous  at  x0.  Also,  the  in¬ 
equality 


y (2x)x  i  -;.x 


y(x)x 
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implies  that  limit  g(x)  =f(x0)  —  g(x0).  This  function  is  also  sym- 

x„ 

metric  with  respect  to  x  =  x0,  is  non-decreasing  and  satisfies  g(x)  > 
y  (x)  >  f  (x)  but  may  have  intervals  of  constancy. 

Theorem  2.2.  If  f  is  continuous  at  x  =  x0,  there  exists  a  function  H 
with  the  properties: 

( 1 )  H  is  continuous  on  the  domain  of  f ; 

(2)  H(x0)  =f(xo) 

(3)  H(x)  >  f(x),  for  each  x  in  the  domain  off 

(4)  H(x0  +  Xi)  >  H(x0  +  x2)  for  |xa |  >  |x2| 

(5)  H(x0  +  xx)  =  H(x0  —  Xi) 

Proof:  We  simply  exhibit  the  function  H  where: 

H(x)  =  |x  —  x„|  +  g(x)  ,  (2.5) 

noting  that  g,  defined  in  Theorem  2.1,  has  all  the  properties  described 
except  possibly  (4) .  The  function  g  satisfies  the  relation  g(x0  +  xx)  > 
g(x0  +  x2)  for  |xi|  >  |x2|  so  that  the  addition  of  |x  —  x0|  to  it  ensures 
that  property  (4)  does  hold. 

Corollary:  There  exists  a  function  h  with  properties  (1),  (2),  and 
(5),  and  properties  (3),  (4)  with  signs  of  the  inequalities  reversed. 
Proof:  The  function  2f  (x0)  —  H  satisfies  the  corollary. 


3.  DERIVATIVES 

The  following  definition  will  be  adopted  for  the  nth  derivative  of  a 
function  at  a  point. 

Definition:  The  nth  derivative  of  f  at  x0  is  defined  to  be: 


lnf(Xo)  =  limit 

dxn  Ax-*o  (An)n 


(3.1) 


=  limit 

Ax->  o 


f  (xo+nAx)  —  \_±  ]  f  (x0+  (n— 1 )  Ax) (— 1 )  nf  (x0) 
(Ax)n 


where  Ax  =  (x  —  x0),  in  this  case  limit  exists. 

Definition:  A  function  f  =  o(g)  at  x0  in  case: 

limit  — AL  =  o  .  (3.2) 

— »  g(x) 

The  following  theorem  establishes  conditions  for  existence  of  vanish¬ 
ing  derivatives  of  a  function  at  a  point  up  to  and  including  some 
specified  order,  which  may  be  finite  or  infinite. 
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Theorem  3.1.  A  sufficient  condition  that  a  function  f  have  the 


property 


dnf  (x0) 
dx11 


=  0,  for  n  =  0,1,2, ...  ,N  where  N  may  be  finite 


or  infinite  is  that  there  exist  functions  K,  k  with  the  properties: 

(i)  K(x0)  =f(x0)  =  k(x0), 

(ii)  K(x)  >  f  (x)  >  k(x)  for  |x  —  x0|  <  8  where  8  is  some  positive 
number,  for  all  x  in  the  domain  of  f, 

(iii)  both  K  and  k  are  o((x  — x0)N)  at  x0  when  N  is  finite,  and 
o(e-1/(x-xo)2)  at  x0  when  N  is  infinite. 

Proof:  When  N  is  finite: 


f  (xo+nAx)  —  \_±  ]  f  (x0+  (n— 1 )  Ax)  +.:.+  (— 1 )  nf  (x0) 
limit -  (3.3) 

A*->o  (Ax)n 

<  limit  j^o+nAx^  _  P'l  ^  kCxo+(n-l_)_Ax)_  +  _ 

Ax->°  (Ax)n  1  Ax->o  (Ax)n 

=  0  by  (iii)  . 

and: 

f  (xo+nAx)  —  [x  ]  f  (x0+  (n— 1 )  Ax)  {— 1 )  nf  (x0) 

limit - - (3.4) 

Ax->°  (Ax) n 

>  limit  -  [“]  limit  K^o+^PAx)  +  _ 

Ax->o  (Ax)n  LiJ  Ax->o  (Ax)n 

=  0  . 


When  N  is  infinite,  let  n  be  any  fixed  integer.  Then: 

f  (xo+nAx)  — [”]f(x0+(n—l)  Ax) +...+(— l)"f(x„) 

limit -  (3.5) 

Ax-* 0  (Ax) 11 

.  K(n0+nAx)  e-i/n2(x-x0)2 
<  limit - — - 

Ax->  0  e-l/n2  (x-xQ)  2  ( )  n 

-  PI  limit  k(xo+(n_1)Ax)  e_1/(n_1)2(x-x0)2  ^ 

L  1A  Ax->0  e-l/(n-l)2(x-x0)2  (Ax)n 

=  0  . 

A  similar  relation  holds  for  the  reverse  inequality. 
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4.  TRANSFORMATION 


We  are  now  in  a  position  to  define  a  homeomorphic  mapping  of  a 
neighborhood  of  a  point  x0  in  the  domain  of  the  given  continuous 
function  f  which  will  transform  it  to  a  function  with  vanishing 
derivatives  of  all  orders  less  than  some  specified  finite  value,  or  of  all 
orders  at  x„.  For  this  purpose  we  consider  the  functions  H  and  h  of 
Theorem  2.2  and  its  corollary.  If  N  is  a  finite  integer  and  it  is  desired 


dnf  (x0) 

to  effect  the  transformation  so  that  all  derivatives - - - =  0, 

dx11 


N  =  1,2,  .  .  .  ,N,  then  we  take  functions  K,  k  to  be  defined  by: 
K(x)  =f(x0)  +  |x-Xoix+1 

k(x)  =f(x.)  -|x-x0|*+i 

and  define  D  to  be  the  domain  of  f.  If  N  is  infinite,  we  take: 


(4.1) 


K(x)  =  f  (x0)  +  e^/WV2 
k(x)  =f(x0)  —  e“1/(x-V2 


(4.2) 


Let  x'  denote  the  image  of  x  under  the  proposed  transformation 
T:  D^D.  When  N  is  finite  we  define  T  by: 


T(x)  —  xr  — 


( 


X  +  l 


x0  +  V  H(x) 


f(x0)  x  >  X0 


X  +  l _ 

x0  —  V  H^x)  —  f(x0)  X  <  x0 


(4.3); 


When  N  is  infinite  let  E  denote  the  set  {x:  H(x)  —  f  (x0)  <  — }  inter¬ 
sected  with  the  domain  of  f. 


T(x)=x'= 


"x0+  y-l/log(H(x)-f(x0))  E^XeE,  Xt^Xo 

I x  I 

<  X,)  X  =  x() 


X« 


X 


X  e  CE  (4.4) 


It  is  clear  that  in  both  cases  T  is  a  homeomorphism. 

Under  T'  the  functions  H  and  h  are  transformed  to  K  and  k  respec¬ 
tively,  that  is H(x)  =K(x')  =K(T(x))  andh(x)  =  k(x')  =  k(T(x)), 
at  least  on  the  neighborhood  E. 
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as  is  readily  seen  by  evaluating  K(T(x))  and  k(T(x))  to  get  H(x) 
andh(x)  respectively. 

We  consider  the  function  f'  which  is  obtained  from  f  by  the 
definition: 

T'(f)  =  f',  that  is  f  (x)  =  f'-T(x)  (4.5) 

We  note  that  under  this  association  of  functions  H'  =  K  and  h'  =  k. 
Moreover,  since 

H(x)  >  f (x)  >  h (x)  (4.6) 

we  see: 

H'(x')  =  H(x)  >  f (x)  =  f'(x')  >  h(x)  =  h'(x')  (4.7) 

so  that 

K(x)  >  f  (x)  >  k(x)  (4.8) 

We  are  now  in  a  position  to  state  the  following  proposition: 

Theorem  4.1.  If  f  is  a  function  which  is  continuous  at  x0,  then  there 
is  a  homeomorphic  mapping  T  defined  on  a  neighborhood  of  x0  such 
that  the  transformed  function  f'  has  vanishing  derivatives  of  all  orders 
<  N  at  x0  where  N  may  be  infinite  or  may  be  any  specified  integer. 

Proof:  Consider  the  functions  H  and  h  given  by  Theorem  2.2.  Con¬ 
sider  also  the  transformation  T  defined  by  (4.3)  when  N  is  finite  and 
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(4.4)  when  N  is  infinite.  T  is  a  homeomorphism  and  we  have  shown 
in  (4.8)  that  K(x)  >  f  (x)  >  k(x)  where  K  and  k  are  respectively  the 
functions  of  (4.1)  or  (4.2).  These  functions  satisfy  the  hypothesis  of 
Theorem  3.1.  and  the  result  follows. 


5.  GENERALIZATION 


The  generalization  to  functions  of  many  variables  follows  the  same 
lines  of  reasoning  as  those  applied  to  functions  of  a  single  variable. 
It  is  sufficient  to  sketch  the  essential  steps.  Let  p  =  (xj.Xj,  .  .  .  ,x„)  be 
a  point  in  a  n-dimensional  Euclidean  space  with  metric  denoted  as 
e(pi.pii).  If  f  is  a  continuous  function  at  p0,  then  a  function  A  where: 
A (e)  B max  {8 :  | f  (p)  —  f(p„)  | <e  for  0<e(p.po)  <8,  e>0}  (5.1) 

A(0)  =0 

can  be  defined  in  a  similar  way  to  (2.1).  By  an  entirely  analogous 
process  functions  H,  h  can  be  defined  which  are  only  radially  depen¬ 
dent  on  the  distance  of  p  from  p0.  These  functions  then  have  properties 
analogous  to  (1)  ...  (5)  of  Theorem  2.2.  Functions  K  and  k,  where: 

K(p)=f(po)  +  [e(p,p0)]x+1  (5.2) 

k(p)jf(po)  -  [e(p.Po)]x+1 

when  N  is  finite,  or: 

K(p)  =  f (p0)  +  e-V*,  d  =  e(p,p0)  (5.3) 

k(p)  =  f  (p0)  — 

when  N  is  infinite,  are  defined.  Taking  a  neighborhood  E  =  {p:H  (p)  — 


f(p0)  <  —  }  the  transformation  T  is  considered  which  is  given  by 

Zi 

alternately: 

x+i _ 


T(p)  =  p' 

Po 

when  N  is  finite;  or 


P«+  V  H(p)-f(p„)  -^y—1 ^  ,  e(p,p„)^0  (5.4) 


e(p,p«)=  0 


T(p)=p'=1 


>u + 


-i 


(p-po) 


Po 


l°g(H(p)  — f  (p„) )  e(p,p„) 

p  £  E 

e(p,Po)=0 


,  e(p,p„)^0  (5.5) 


P„+V--— 
lP  Vlog(l)  e(P-Po) 


p  e  CE 


when  N  is  infinite. 
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Theorem  5.1.  If  f  is  continuous  at  p0  there  exists  a  homeomorphism 
T  such  that  the  transformed  function  f'  has  vanishing  directional 
derivatives  of  all  orders  <  N,  where  N  be  infinite  or  may  be  any  speci¬ 
fied  integer. 

Proof:  Let  the  coordinate  axis  be  transformed  by  rotation  under  the 
functions  f,  H,  h,  K,  k  so  that  the  x-axis  coincides  with  the  original 
direction  of  the  derivative.  The  axial  symmetry  of  H,  h,  K,  k,  and  of 
the  transformation  T  permits  an  immediate  application  of  Theorem 
4.1. 


Elution  of  Some  Organochlorine  Insecticide  Mixtures 
By  Florisil  Column  Chromatography 
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ABSTRACT 

Mixtures  of  organochlorine  insecticides  were  eluted  through  a  Florisil  (activated 
magnesium  silicate)  column  to  facilitate  removing  indigenous  organic  matter  co¬ 
extracted  from  soil  and/or  biological  systems.  The  solvents  used  for  elution  were 
5%  and  15%  ether  in  hexane.  The  results  clearly  indicate  that  the  procedure  can  be 
used  to  preseparate  insecticide  mixtures  containing  aldrin,  heptachlor,  p,p'-DDT, 
y-BHC,  endrin,  and  dieldrin  while  “cleaning-up”  the  extract. 

INTRODUCTION 

The  co-extraction  of  indigenous  organic  material  from  sediment  and 
biological  systems  necessitates  the  removal  of  the  interfering  material 
prior  to  the  determination  of  organochlorine  insecticides  by  most 
methods.  Ideally  the  cleanup  procedure  would  remove  all  of  the  con¬ 
taminants,  yet  quantitatively  retain  the  extracted  insecticides  in  the 
sample.  The  extent  of  sample  cleanup  required  is  determined  by  the 
detection  method  and  the  limit  of  sensitivity  desired.  Infrared  analysis 
requires  extensive  cleanup  (Frehse,  1963) .  If  analysis  is  by  GLC  (gas- 
liquid  chromatography),  cleanup  is  seldom  necessary  provided  the 
concentration  of  the  insecticide  exceeds  50  to  100  ppb  since  most  of 
the  contaminants  are  separated  by  the  column  (Beynon  and  Elgar, 
1966;  Goulden,  1964).  However,  greater  reproducibility  is  attained 
if  extracts  are  cleaned  prior  to  analysis  by  GLC,  as  the  cleanup  pro¬ 
cedure  minimizes  problems  due  to  column  contamination  (Hamence, 
et  at.,  1965;  Burke,  1963),  decrease  in  sensitivity  of  the  electron  cap¬ 
ture  detector  (Hamence,  et  ah ,  1965;  Burke,  1963;  Goodwin,  et  ah , 
1961),  variation  in  insecticide  retention  times,  degradation  on  the  col¬ 
umn  and  the  appearance  of  artifacts  on  the  chromatogram  develop¬ 
ment  (Goulden,  1964). 
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Three  types  of  chromatography  have  been  used  successfully  in  the 
cleanup  of  soil  and  tissue  extracts:  paper,  thin-layer,  and  column.  Pa¬ 
per  chromatography  can  be  employed  as  a  cleanup  and  identification 
procedure  for  organochlorine  insecticide  residues,  but  is  severely  lim¬ 
ited  by  its  low  carrying  capacity  and  length  of  time  required  for  chro¬ 
matogram  (Beynon  and  Elgar,  1966;  Walker  and  Beroza,  1963). 

Thin-layer  chromatography  provides  greater  resolution  and  faster  ! 
development  than  paper  or  column  chromatography.  In  addition,  thin 
layer  plates  have  a  greater  carrying  capacity  than  paper.  Silica-gel 
and  aluminum  oxide  are  most  commonly  used  as  support  media  (Mor- 
ley  and  Chiba,  1964;  Kovacs,  1963).  Walker  and  Beroza  (1963)  have  j 
described  solvent  systems,  procedures  and  Rf-values  for  separation  of 
62  insecticides  on  silica-gel  G. 

Highly  contaminated  extracts  are  most  easily  purified  by  column 
chromatography  because  of  its  large  carrying  capacity.  Column  chro¬ 
matography  may  be  either  adsorption  chromatography,  in  which  the 
stationary  phase  is  an  active  solid,  or  partition  chromatography,  in 
which  the  stationary  phase  is  a  liquid  or  a  solid  support.  Of  the  2  types, 
adsorption  chromatography  is  the  most  commonly  used,  however  a 
number  of  stationary-mobile  phase  combinations  are  available,  and 
versatility  of  procedure  is  greater  with  partition  than  adsorption 
chromatography.  In  adsorption  chromatography  Florisil  (activated 
magnesium  silicate) ,  aluminum  oxide,  silica  gel,  carbon,  and  attapul- 
gite  have  proved  to  be  the  most  effective  adsorbents  (Beynon  and 
Elgar,  1966).  The  adsorbent  activity  and  therefore  the  degree  of 
cleanup  can  be  altered  by  the  addition  of  water  to  the  adsorbent,  i.e., 
activity  is  inversely  related  to  the  water  content  of  the  adsorbent.  Thus 
the  level  of  activity  can  be  altered  by  the  addition  of  water  to  provide 
greater  versatility  in  the  extent  and  type  of  cleanup  required  (Murphy 
and  Barthal,  1960). 

EXPERIMENTAL 

Organochlorine  insecticide  standards  of  greater  than  99%  purity 
were  obtained  from  the  following  sources: 

heptachlor  ( 1 ,4,5,6,7,8,8-heptachlor  3a,  4, 7, 7 a-tetrahydro-4, 7-meth- 
anoindan)-Velsicol  Corporation 

endrin  ( 1 ,2,3,4, 10,1 0-hexachloro-6, 7 -epoxy- 1 ,4, 4a,  5, 6, 7, 8, 8a-octa- 
hydro-l,4-endo-endo-5,8-dimethanonaphthalene)  Velsicol  Cor¬ 
poration 

aldrin  ( 1 ,2,3,4, 10,1 0-hexachloro-l ,4,4a,5,8,8a-hexahydro- 1 ,4 -endo- 
£xo-5,8-dimethanonaphthalene) -Shell  Chemical  Company 
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dieldrin  ( 1 ,2,3,4, 1 0, 1 0-hexachloro  6, 7 -epoxy- 1 ,4, 4a, 5 ,6, 7,8,8a-octa- 
hydro-l,4-£rcc?o-£;ro-5,8-dimethano-naphthalene)  Shell  Chemical 
Company 

y-BHC  (l,2,3,4,5,6-hexachlorocyclohexane)-Hooker  Chemical  Com¬ 
pany 

p, p'-DDT  [1,1,1  -trichloro-2, 2-bis  (p-chlorophenyl)  ethane]  -  City 
Chemical  Corporation 

Elution — A  mixture  of  the  above  mentioned  organochlorine  insecti¬ 
cides  was  eluted  through  a  Florisil  column  and  10  ml.  fractions  of  the 
eluate  were  collected.  The  first  elution  was  performed  with  5  %  ether 
in  hexane  and  the  2nd  with  1 5  %  ether  in  hexane. 

The  procedure  was  similar  to  that  described  by  the  FWPCA  (1969) 
and  Mills  et  al.  (1963)  with  minor  modifications.  The  Florisil  was 
stored  in  a  glass  container  at  130C  prior  to  use.  A  standard  column 
was  prepared  using  the  following  procedure.  A  22  mm  inside  diameter 
glass  column  was  filled  with  Florisil  up  to  8  cm,  followed  by  anhy¬ 
drous  Na2S04  to  10  cm.  After  cooling  the  column  was  eluted  with 
approximately  75  ml.  of  15%  ether  in  hexane  followed  by  50  ml  of 
hexane  and  the  2  eluates  were  discarded.  Just  prior  to  exposure  of  the 
Na2S04  to  air,  the  concentrated  sample  extract  was  transferred  to  the 
column  by  decantation  and  subsequent  washings  with  hexane.  The 
elution  rate  was  adjusted  to  less  than  5  ml  per  minute.  The  first 
elution  was  performed  with  100  ml  of  5%  ether  in  hexane,  and  the 
2nd  elution  was  100  ml  of  15%  ether  in  hexane.  The  eluates  were 
collected  separately  in  10  ml  fractions  and  each  aliquot  was  analyzed 
directly. 

Identification— A  Varian  Aerograph  model  204B  equipped  with  a  3H- 
foil  EC  detector  was  employed  for  the  identification  of  organochlorine 
insecticides.  The  use  of  all  glass  columns  and  on-column  injection  was 
required  to  avoid  sample  degradation  resulting  from  contact  of  the 
sample  with  metal  surfaces.  Gas  chromatographic  conditions  were  as 
follows: 

carrier  gas-N2  with  a  flow  rate  of  75  ml/min. 
sensitivity- 1.2  X  10-11  amps  full  scale  (AFS) 
injector  tempera ture-230C 

column  temperature-21 5 C  (DC-200);  195C  (QF-1) 
columns-2m  long  X  4mm  inside  diameter  of  10%  DC-200  on  60/80 
mesh  Gas  Chrom  Q;  10%  QF-1  on  60/80  mesh  Gas  Chrom  Q. 
Identification  was  based  on  retention  times  from  a  polar  (QF-1) 
and  a  non-polar  (DC-200)  column.  A  L&N  Speedomax  W  recorder 
with  a  Disc  integrator  was  used  to  calculate  peak  areas. 
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RESULTS  AND  DISCUSSION 

Column  chromatography  employing  Florisil  as  the  absorbant  was 
used  to  pre-separate  mixtures  of  insecticides  prior  to  analysis  by  GLC. 
By  eluting  various  mixtures  of  insecticides  through  the  column  it  was 
determined  that  y-BHC,  heptachlor,  aldrin,  and  p,p'-DDT  were  eluted 
with  5  %  ether  in  hexane  while  dieldrin  and  endrin  were  eluated  only 
with  15%  ether  in  hexane.  Figures  1  and  2  describe  the  eluted  compo¬ 
sition  of  a  standard  insecticide  mixture  containing  y-BHC,  heptachlor, 
aldrin,  dieldrin,  endrin,  and  p,p'-DDT.  Aldrin,  heptachlor,  p,p'-DDT, 
and  y-BHC  were  quantitatively  delivered  in  the  first  100  ml  elution 
of  5%  ether  in  hexane  (Figure  1 ) .  No  endrin  or  dieldrin  was  detected 
in  the  first  100  ml  collected.  Dieldrin  and  endrin  were  recovered  in 
the  2nd  100  ml  fraction  which  was  eluted  with  15%  ether  in  hexane 
(Fig.  2).  No  other  insecticides  were  present  in  the  2nd  100  ml  frac¬ 
tion. 

The  elution  of  the  insecticides  in  the  5%  ether  fraction  proceeded 
differently  than  in  the  15%  ether  fraction.  In  the  5%  ether  eluate  the 
insecticides  were  resolved  over  short  intervals,  e.g.  more  than  90% 
of  the  heptachlor  was  eluted  in  the  fraction  between  30  and  50  ml 


ELUATE  FRACTIONS  COLLECTED  CmlJ 

Fig.  1.  Composiion  of  the  5%  ether  elute  from  a  Florisil  column  containing  a  mixture  of 
y-BHC,  p,p’-DDT,  heptachlor,  aldrn,  dieldrin,  and  endrin. 
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ELUATE  FRACTIONS  COLLECTED  (.ml) 

Fig.  2.  Composition  of  the  15%  ether  eluate  from  a  Florisil  column  containing  a  mixture 
of  y-BHC,  p,p’-DDT,  heptachlor,  aldrin,  dieldrin,  and  endrin. 


and  approximately  80%  of  the  p,p'-DDT  was  eluted  in  the  10  ml 
fraction  from  40  to  50  ml  (Fig.  1).  Also  the  insecticides  in  the  5% 
ether  eluate  did  not  come  off  of  the  column  at  the  same  time,  e.g., 
aldrin  and  heptachlor  were  essentially  off  the  column  before  y-BHC 
was  delivered  (Fig.  1). 

In  the  15%  ether  eluate  dieldrin  and  endrin  were  eluted  together. 
Unlike  the  other  insecticides  dieldrin  and  endrin  were  not  resolved  in 
a  relatively  short  interval.  A  50  ml  fraction  was  necessary  to  collect 
either  dieldrin  or  endrin.  Because  endrin  and  dieldrin  are  stereo  iso¬ 
mers  and  were  eluted  together,  it  was  necessary  to  collect  60  ml  to 
include  both  insecticides. 

CONCLUSIONS 

The  value  of  the  Florisil  column  in  the  identification  of  organo- 
chlorine  insecticides  was  2-fold.  First  the  Florisil  column  would  sep¬ 
arate  the  insecticides  from  most  of  the  indigenous  organic  material  as¬ 
sociated  with  extracts  from  sediments  and  organisms.  Secondly  the 
Florisil  column  may  be  used  for  preseparation  of  organochlorine  insec¬ 
ticide  mixtures,  thereby  simplifying  their  subsequent  identification. 
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Relative  Volume  of  Water  in  Quartz  Capillaries 
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ABSTRACT 

Data  are  presented  for  the  relative  volume  of  water  in  quartz  capillaries  of  500, 
34,  and  10  microns  diameter.  The  temperature  of  maximum  density  is  observed  to 
be  3.72°C,  1.47°C,  and  0.57°C,  respectively. 

INTRODUCTION 

In  view  of  the  continuing  controversy  over  the  existence  of  “anoma¬ 
lous  water  A  and  the  recent  review  of  the  subject  by  one  of  the  original 
discoverers,  Derjaguin  (1970),  it  seems  of  interest  to  publish  data  on 
some  additional  studies  we  have  carried  out  on  the  relative  volume 
of  water  in  capillaries  so  that  others  may  study  the  data.  This  time 
we  used  quartz  capillaries  (whereas  in  our  previous  studies,  Schufle 
and  Venugopalan  (1967)  and  Muller  and  Schufle  (1968),  we  used 
pyrex  glass  capillaries.) 

In  addition  we  have  determined  the  temperature  of  maximum  den¬ 
sity  of  water  in  our  apparatus  using  a  capillary  500  microns  (0.5  mm) 
in  diameter,  which  should  give  an  idea  of  the  temperature  of  maxi¬ 
mum  density  for  bulk  water  obtainable  in  our  apparatus  and  by  our 
computer-based  method  of  treatment  of  the  data.  Our  method  was 
questioned  by  Dass  (1969),  and  defended  by  Schufle  (1969). 

METHODS 

The  apparatus  used  was  the  same  as  that  previously  described  by 
Schufle  and  Venugopalan  (1967).  The  quartz  capillaries  were  drawn 
out  by  hand  from  500-micron  diameter  standard  quartz  capillary 
stock,  0.5  mm.  wall  thickness,  obtained  from  the  General  Electric 
Company,  Willoughby  Quartz  Plant,  Willoughby,  Ohio.  The  capil¬ 
laries  were  1 1  to  13  cm.  in  length.  The  bore  was  uniform  over  the  en¬ 
tire  length  with  a  variation  of  less  than  ±5%,  but  the  variation  is  esti¬ 
mated  to  be  less  than  ±0.2%  over  the  length  of  capillary  over  which 
the  volume  change  took  place.  Thus  the  volume  may  be  assumed  to 
be  directly  proportional  to  the  length  of  the  water  column  in  the  capil¬ 
lary  within  ±  0.2%. 
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The  capillaries  were  sealed  at  one  end,  evacuated  to  less  than  0.001 
torr  and  then  filled  with  water,  distilled  in  vacuo  until  it  had  a  resis¬ 
tivity  greater  than  106  ohm-cm.  Each  capillary  was  filled  and  re¬ 
evacuated  in  this  manner  at  least  10  times  to  wash  out  the  capillary 
and  remove  any  impurities  or  particles  which  might  have  been  trapped 
inside.  (The  standard  500  micron  diameter  quartz  capillary  was 
cleaned,  before  pulling  down,  with  chromic  acid  cleaning  solution,  dis¬ 
tilled  water,  and  106  ohm-cm.  resistivity  water,  in  succession.)  After 
the  final  filling,  with  106  ohm-cm.  water,  the  capillary  was  removed 
from  the  evacuated  filling  chamber  and  immediately  sealed  at  the 


Table  1 


Computer  Calculated  Values 

of  1/^  and  Est. 

Spec.  Vol. 

Temp . ,  °C 

Length, 

i7l 

Est.  Spec.  Vol. 

cm. 

25.20 

10.781 

0.092756 

1.00483 

19.83 

10.756 

0.092971 

1.00261 

18.40 

10.755 

0.092980 

1.00214 

15.51 

10.746 

0.093058 

1.00135 

15.49 

10.745 

0.093067 

1.00134 

11.30 

10.734 

0.093162 

1.00054 

10.21 

10.731 

0.093188 

1.00039 

10.20 

10.733 

0.093171 

1.00039 

9.14 

10.733 

0.093171 

1.00027 

9.11 

10.733 

0.093171 

1.00027 

7.95 

10.732 

0.093179 

1.00016 

7.80 

10.731 

0.093188 

1.00015 

5.03 

10.730 

0.093197 

1.00002 

4.20 

10.730 

0.093197 

1.00000 

1.88 

10.731 

0.093188 

1.00003 

-0.08 

10.731 

0.093188 

1.00012 

-0.12 

10.731 

0.093188 

1.00013 

-1.09 

10.732 

0.093179 

1.00019 

-3.88 

10.735 

0.093153 

1.00047 

-3.98 

10.738 

0.093127 

1.00049 

-5.12 

10.737 

0.093136 

1.00063 

-6.45 

10.740 

0.093110 

1.00083 

-8.20 

10.743 

0.093084 

1.00112 

-8.38 

10.744 

0.093075 

1.00115 

-8.40 

10.743 

0.093084 

1.00116 

-8.90 

10.744 

0.093075 

1.00125 

-10.00 

10.747 

0.093049 

1.00146 

-10.85 

10.749 

0.093032 

1.00163 

-11.55 

10.750 

0.093023 

1.00178 

-13.00 

10.758 

0.092954 

1.00211 

-15.00 

10.759 

0.092945 

1.00259 

-16.07 

10.760 

0.092937 

1.00286 

-17.15 

10.764 

0.092902 

1.00315 

-19.00 

10.769 

0.092859 

1.00366 

-20.00 

10.773 

0.092825 

1.00395 

-21.20 

10.775 

0.092807 

1.00430 

-21.47 

10.776 

0.092799 

1.00438 

-22.03 

10.780 

0.092764 

1.00455 

-23.02 

10.785 

0.092721 

1.00486 

Frozen 
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other  end  in  a  flame,  leaving  a  small  volume,  approximately  1  cm. 
long  filled  only  with  water  vapor. 

When  the  capillaries  were  filled  in  this  manner  there  was  a  con¬ 
tinuous  liquid  column  extending  from  the  end  first  closed  to  the  menis¬ 
cus  at  the  other  end  in  equilibrium  with  water  vapor.  The  mensicus 
could  be  easily  observed,  even  in  the  smallest  diameter  capillary,  by 
the  use  of  the  measuring  microscope.  The  capillary  was  placed  in  an 
alcohol  bath  in  the  viewing  well  of  the  cooling  apparatus  directly  un¬ 
der  the  microscope.  The  micrometer  scale  gave  length  measurements 
reproducible  to  ±  0.002  cm. 

Readings  were  begun  at  room  temperature  and  continued  at  inter¬ 
vals  of  approximately  5°C  as  the  temperature  was  lowered  at  the  rate 
of  about  5°C  per  hour.  The  data  obtained  are  given  in  Tables  I  and  II. 


Table  2 


Computer  Calculated  Values 

for  1/L  and  Est. 

Spec.  Vol. 

Temp « , 

°C  Length, 

cm. 

Est.  Spec.  Vol. 

25.05 

10.658 

0.093826 

1.00577 

24.60 

10.655 

0.093853 

1.00556 

24.74 

10.650 

0.093897 

1.00562 

220  63 

10.648 

0.093914 

1.00468 

21.80 

10.646 

0.093932 

1.00434 

19.89 

10.639 

0.093994 

1.00359 

18.28 

10.636 

0.094020 

1.00303 

17.28 

10.632 

0.094056 

1.00269 

16.31 

10.630 

0.094073 

1.00239 

14.96 

10.626 

0.094109 

1.00200 

13.91 

10.623 

0.094135 

1.00172 

12.57 

10.619 

0.094171 

1.00139 

10.88 

10.614 

0.094215 

1.00103 

8.27 

10.608 

0.094269 

1.00057 

6.57 

10.604 

0.094304 

1.00035 

5.05 

10.601 

0.094331 

1.00019 

3.00 

10.598 

0.094357 

1.00006 

0.80 

10.596 

0.094375 

1.00000 

-0.33 

10.595 

0.094384 

1.00001 

-1.12 

10.596 

0.094375 

1.00003 

-4.36 

10.597 

0.094366 

1.00024 

-4.87 

10.598 

0.094357 

1.00029 

-5.16 

10.598 

0.094357 

1.00032 

-6.78 

10.600 

0.094340 

1.00053 

-8.08 

10.602 

0.094322 

1.00073 

-11.57 

10.613 

0.094224 

1.00144 

-14.27 

10.624 

0.094127 

1.00215 

-15.41 

10.625 

0.094117 

1.00250 

-17.58 

10.638 

0.094003 

1.00323 

-21.42 

10.654 

0.093862 

1.00475 

-23.08 

10.672 

0.093703 

1.00551 

-26.84 

10.686 

0.093580 

1.00742 

-28.61 

10.692 

0.093528 

1.00843 

-31.18 

10.698 

0.093475 

1.01000 

-34.24 

10.726 

0.093231 

1.01207 

-37.30 

Frozen 

10.746 

0.093058 

1.01434 
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The  temperature  of  maximum  density  was  determined  by  computer 
solution  of  the  polynomial 

1 

(1)  =a0  +  axt  +  a2t2  +  a3t3 

X_j 

Where  L  is  the  observed  length  of  the  water  column.  1  /L  is  thus  a  den¬ 
sity  function  not  established  in  absolute  units. 

For  the  data  given  in  Table  I,  for  the  500  micron  capillary,  the 
values  of  1/L  are  computer-calculated  reciprocals  of  L.  The  estimated 
values  of  specific  volume  given  in  column  4  are  values  given  by  the 
computer  for  a  smooth  polynomial  function  given  by  equation  ( 1 )  for 
which  the  coefficients  are: 

a0  =  9.3179  X  10-2 

ax  =  5.7953  X  10-6 

a2  =  -7.4038  X  10~7 
a3  =  -7.0612  X  10-9 

The  maximum  in  the  density  function  1/L,  is  0.093190  which  value 
is  reached  by  the  function  at  3.72°C.  This  temperature  differs  from  the 
generally  accepted  value  of  3.98°C  for  the  temperature  of  maximum 
density  by  a  factor  of  0.26°C. 

Similar  data  for  a  capillary  10  micron  in  diameter  are  given  in 
Table  II.  Similar  data  for  a  34  micron  capillary  can  be  supplied  upon 
request  to  the  authors. 

The  calculated  values  of  the  coefficients  in  equation  ( 1 )  for  the  34 
micron  diameter  capillary  are: 

a0  4  8.6846  X  10~2 

ax=  2.1252  X  10-6 
a2  =  -7.2426  X  IQ-7 
a3  =  1.5893  X  10-9 

The  maximum  value  of  the  density  function,  1/L,  is  0.086847  and  this 
value  is  reached  at  a  temperature  of  1.47°C. 

For  the  10  micron  diameter  capillary  the  values  for  the  coffiecients 
in  equation  ( 1 )  are  found  to  be: 

a0  =  9.4344  X  10~2 

ax=  1.0405  X  10-6 
a2  =  —9.1404  X  10-7 
a3  =  4.3370  X  10-10 

The  maximum  value  for  the  density  function,  1/L,  is  calculated  to  be 
0.094344  and  this  maximum  value  is  reached  at  a  temperature  of 
0.57°C. 
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CONCLUSIONS 

We  again  observe  a  significant  shift  in  the  temperature  of  maximum 
density  of  water  when  this  property  is  measured  on  pure  water  filled 
into  quartz  capillaries  of  smaller  and  smaller  diameter.  We  emphasize 
that  these  results  were  obtained  on  water  simply  filled  into  these  capil¬ 
laries.  We  did  not  use  any  “growing  in”  process  such  as  that  used  by 
Derjaguin  in  producing  “anomalous  water”. 

We  again  see  the  difficulty  of  obtaining  a  maximum  in  the  density 
vs.  temperature  curve  by  any  procedure  of  selecting  a  small  number 
of  observations  near  the  maximum  point,  because  of  the  extreme  flat¬ 
ness  of  the  curve.  However,  if  we  use  all  the  data  in  obtaining  a  smooth 
polynomial  of  the  type  of  equation  (1),  then  the  sensitivity  of  the 
method  is  considerably  enhanced,  as  can  be  seen  from  the  values  esti¬ 
mated  for  specific  volume  in  the  fourth  column  of  Tables  I  and  II. 

The  values  selected  by  the  computer  for  the  temperature  of  maxi¬ 
mum  density  of  water  are: 

Capillary  Diameter  Temp.  Max.  Density 


Microns  (°C) 

500  3.72 

34  1.47 

10  0.57 
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ABSTRACT 

The  fossil  pollen  spectra  of  3  radiocarbon  dated  alluvial  deposits  at  Gardner 
Spring,  New  Mexico  were  studied.  The  oldest  of  these  sections  spans  the  time  from 
5,000  to  less  than  4,000  radiocarbon  years  B.P.  and  indicates  a  desert  shrub  to  grass¬ 
land  transition.  This  finding  indicates  that  the  dry  altithermal  of  the  Bryan-Antevs 
model  may  have  been  a  reality  in  southern  New  Mexico.  The  2nd  deposit  dated 
at  younger  than  2300  radiocarbon  years  indicates  a  drying  trend  that  probably  was 
not  extreme.  The  3rd  deposit  studied  is  younger  than  1100  radiocarbon  years  and 
seems  to  indicate  conditions  very  similar  to  those  at  the  time  end  of  the  oldest  cycle 
of  deposition  and  grassland  conditions. 


INTRODUCTION 

Little  is  known  about  the  Pleistocene  and  Holocene  paleoecology  of 
the  arid  Basin  and  Range  region  of  southern  New  Mexico,  but  the 
paleoecology  of  surrounding  areas  have  been  studied  much  more  ex¬ 
tensively.  To  the  east,  on  the  Llano  Estacado  of  eastern  New  Mexico 
and  Western  Texas,  Wendorf,  and  others  (1961)  explored  Wisconsin 
and  post-Wisconsin  alluvial  and  lacustrine  deposits.  To  the  north, 
Crisby  and  Sears  (1956)  studied  Wisconsin  climatic  changes  as  re¬ 
corded  in  alluvial  deposits  of  the  San  Augustine  Plains,  west-central 
New  Mexico.  Bent  and  Wright  (1963)  analyzed  pollen  from  lake  sed¬ 
iments  in  the  Chuska  Mountains  of  northwestern  New  Mexico.  To 
the  west,  in  southeastern  Arizona,  Martin  (1963a),  Mehringer  and 
Haynes  (1965),  Mehringer  (1967a),  and  others  studied  pollen  se¬ 
quences  from  lacustrine  sediment  and  alluvial  deposits  associated  with 
archaeological  and  extinct  fauna  sites. 

In  the  Chihuahuan  Desert,  late  Quaternary  alluvial  deposits  along 
the  Rio  Grande  River  near  Las  Cruces,  New  Mexico,  have  been  exam¬ 
ined  by  Metcalf  (1967)  to  ascertain  distribution  and  composition  of 

1  Present  Address:  Department  of  Biological  Sciences,  University  of  Texas  at  El 
Paso  79968. 
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fossil  molluscan  faunas.  Wells  (1966)  examined  pluvial  woodrat  mid¬ 
den  material  from  the  Big  Bend  National  Park,  Texas.  His  study  was 
primarily  concerned  with  a  determination  of  the  vertical  displacement 
of  vegetation  zones  during  the  last  full  glacial  interval,  and  the  geo¬ 
graphic  extent  and  dates  of  that  displacement.  Johnson  (1963)  anal¬ 
yzed  pollen  sequences  from  archaeological  sites  along  the  Rio  Grande 
River  at  the  eastern  edge  of  the  Chihuahuan  desert,  and  Wendorf 
(1961)  reported  on  a  post-Wisconsin  pollen  core  from  Malpais  Spring 
in  the  Tularosa  Basin,  Otero  County,  New  Mexico.  This  core  was  un¬ 
dated,  however,  and  therefore  was  of  little  paleoecological  significance. 

Toward  the  south  in  Mexico,  a  single  profile  has  been  sampled  and 
analyzed  for  pollen  in  northwestern  Chihuahua  (Martin,  1963a). 
Prior  to  the  present  study,  no  carbon- 14  dated  pollen  records  have  been 
examined  from  the  Chihuahuan  Desert  region  of  south-central  New 
Mexico. 

The  purpose  of  this  study  was  to  characterize  as  nearly  as  possible, 
from  a  palynological  reconstruction  of  Holocene  plant  communities, 
significant  climatic  changes  that  may  have  occurred  at  the  northern 
edge  of  the  Chihuahuan  desert  in  post- Wisconsin  times.  To  meet  this 
objective,  the  fossil  pollen  record  from  C-14  dated  alluvial  sequences 
at  Gardner  Spring,  Dona  Ana  County,  New  Mexico,  was  examined. 

GEOMORPHIC  AND  GEOLOGIC  SETTING 

The  study  area  is  located  in  the  Mexican  Highland  section  of  the 
Basin  and  Range  physiographic  province.  More  specifically,  it  is  at  the 
southern  Jornada  del  Muerto  Basin  (Figure  1) .  The  mountains  of  the 
area  are  tilted  fault  block  ranges  which  were  probably  uplifted  pri¬ 
marily  in  the  Pliocene  with  tectonic  deformation  continuing  into  Ple¬ 
istocene  time  (Kottlowski,  1958) .  Great  thickness  of  sediments  derived 
from  erosion  of  local  uplands  and  headwaters  areas  of  the  ancestral 
Rio  Grande  were  deposited  in  an  interconnected  system  of  closed  ba¬ 
sins,  or  bolsons,  in  southern  New  Mexico,  far  western  Texas,  and 
northern  Chihuahua  during  early  and  mid-Pleistocene  time  (Hawley, 
et  al .,  1969;  Hawley  and  Kottlowski,  1969).  With  the  ancestral  Rio 
Grande  developing  a  through  course  to  the  Gulf  of  Mexico  in  mid- 
Pleistocene  (Ruhe,  1962;  Strain,  1966),  the  river  began  to  cut  its  pres¬ 
ent  valley  into  the  bolson  sediments.  This  degradation  removed  vast 
amounts  of  unconsolidated  bolson  fill.  The  Rio  Grande  has  since  ag¬ 
graded  or  degraded  its  bed  in  response  to  the  changing  regimen  of  the 
stream  which  has  been  controlled  in  part  by  the  waxing  and  waning 
of  glacial-pluvial  cycles  (Kottlowski,  1958;  Metcalf,  1967;  Hawley 
and  Kottlowski,  1969;  Gile,  et  al.9  1970). 
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Fig.  1 .  Location  of  study  area. 
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In  the  southern  Jornada  del  Muerto  Basin,  which  is  still  uncon¬ 
nected  with  the  Rio  Grande  drainage,  large  alluvial  fans  have  con¬ 
tinued  to  build  up  in  the  mouths  of  canyons  which  drain  the  mountain 
masses  (Gile  and  Hawley,  1968).  Near  the  foot  of  the  mountains 
these  fan  deposits  are  separated  by  interfan  valleys.  Farther  away 
from  the  mountain  base  the  toes  of  the  fans  have  coalesced  and 
the  landscape  is  characterized  by  a  broad,  relatively  smooth  peidmont 
surface  or  bajada.  This  surface  slopes  at  the  gradient  of  2%  or  less  to¬ 
ward  the  axis  of  the  Jornada  del  Muerto  Basin  located  about  5  miles 
to  the  west  of  the  base  of  the  San  Andres  Range,  and  has  been  desig¬ 
nated  the  Jornada  geomorphic  surface  (Ruhe,  1964,  1967;  Gile  et  aL , 
1970). 


Jornada  Sediments 

The  Jornada  surface  has  been  subdivided  into  2  units:  (1)  an  older 
unit  termed  Jornada  I  which  is  represented  by  high  fan  remnants, 
and  (2)  a  younger  unit  termed  Jornada  II  represented  by  an  erosion 
surface  inset  below  the  dissected  older  fan  surface  (Gile  and  Hawley, 
1968;  Gile,  et  al. ,  1970).  To  the  west  and  downslope  of  the  zone  of 
major  fan  dissection,  sediments  associated  with  the  Jornada  II  sur¬ 
face  spread  out  as  a  broad  depositional  surface  and  overlie  the  Jornada 
I  surface.  Jornada  II  surface  is  considered  to  be  of  late  Pleistocene  age 
(Gile,  et  al 1970).  Jornada  II  deposits  also  occur  in  the  inner-fan 
valleys  where  they  are  commonly  buried  by  younger  sediments  and 
erosion  surfaces.  Jornada  sediments  are  mainly  gravelly  (Gile  and 
Hawley,  1968). 

Organ  Sediments 

Nearer  the  base  of  the  San  Andres  mountains,  on  the  upper  and 
central  piedmont  slopes,  a  still  younger  alluvial  surface  buries  much 
of  the  Jornada  surface.  This  geometric  surface  has  been  designated 
the  Organ  surface  (Ruhe,  1964;  Ruhe,  1967;  Gile  and  Hawley,  1968). 
Radiocarbon  dates  have  been  obtained  from  7  charcoal  lenses  in  Organ 
alluvium  near  Gardner  Spring  (Sec.  2,  T21S,  R3E) .  These  dates  range 
from  about  5,000  to  1,000  radiocarbon  years  B.P.  A  diagrammatic 
representation  of  Organ  sediments  can  be  seen  in  Figure  2. 

Organ  alluvium  at  the  Gardner  Spring  charcoal  sites  can  be  divided 
into  2  major  subdivisions  (Hawley  and  Gile,  1966;  Gile  and  Hawley, 
1968).  The  first  and  oldest  of  the  sub-units,  designated  Organ  I,  is 
dominated  by  calcareous  loamy  and  silty  sediments  often  with  a  basal 
gravelly  zone,  and  locally  containing  lenses  of  sandy  to  gravelly  sedi- 
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ments.  Four  carbon  14  dates  have  been  obtained  from  charcoal  hori¬ 
zons  near  the  base  of  the  Organ  I  unit  and  these  range  from  4,750  ± 
120  to  4,960  ±130  radiocarbon  years  B.P.  A  younger  and  coarser  tex¬ 
tured  unit,  Organ  II,  lies  disconformably  upon  the  Organ  I  sediments. 
Two  charcoal  zones  at  the  base  of  Organ  II  alluvium  have  been  sam¬ 
pled,  and  these  yield  C-14  dates  of  2,120  ±  110  and  2,220  ±  95  radio¬ 
carbon  years  B.P.  The  hiatus  marked  by  the  Organ  II /I  disconformity 
is  unknown,  but  it  could  be  as  much  as  2,300  years. 

A  still  younger  deposit  has  filled  an  arroyo  channel  cut  into  both 
Organ  II  and  Organ  I  sediments.  A  charcoal  zone  near  the  base  of  this 
unit  has  been  dated  at  1,130  ±  90  radiocarbon  years  B.P.  This  is  the 
youngest  sediment  yet  located  that  antedates  the  most  recent  cycle 
of  arroyo  cutting  in  the  Southwest,  and  this  sediment  has  been  desig¬ 
nated  Organ  III.  All  3  of  these  Organ  sediments  apparently  correlate 
with  the  D  depositional  unit  of  Haynes  ( 1 968) . 

It  should  not  be  implied  from  the  above  discussion  and  idealized 
representation  (Figure  2)  that  Organ  II  sediments  always  overlie 


Organ  I  alluvium.  On  the  contrary,  in  many  areas  Organ  I  sediments 
are  found  at  the  surface.  Locally  a  thin  veneer  of  very  late  Holocene 
(possibly  historical)  sediments  are  present.  Surficial  deposits  of  this 
type  are  of  limited  areal  extent  and  are  not  considered  to  be  part  of 
the  Organ  alluvium. 

METHODS  AND  MATERIALS 

The  soil  profiles  were  sampled  as  follows:  A  fresh  soil  face  was 
cleaned  by  digging  at  least  6  inches  into  the  arroyo  wall.  When  the 
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new  surface  had  been  exposed,  the  vertical  distance  was  marked  at  10 
cm  intervals.  A  10  cm  sampling  interval  was  chosen  because  it  was 
felt  that  this  distance  would  combine  acceptable  sensitivity  with  a 
minimum  effort  expended  in  pollen  extraction  and  counting. 

At  the  10  cm  intervals  a  fresh  face  was  exposed  even  further  into 
the  section  wall.  At  this  new  face,  soil  material  was  removed  using  a 
trowel  and  knife,  and  the  soil  placed  in  a  previously  sterilized  “Whirl- 
Pak”  plastic  bag  which  was  then  labeled  and  resealed.  The  tools  were 
washed  in  a  detergent  solution  and  rinsed  with  a  stream  of  distilled 
water  between  each  soil  sampling.  The  vertical  extent  of  the  soil  sam¬ 
pled  around  the  10  cm  intervals  was  made  as  narrow  as  possible. 

The  fossil  pollen  was  extracted  from  the  soil  and  mounted  on  slides 
for  counting  by  the  standard  technique  for  southwestern  alluvium 
developed  at  the  Geochronology  Laboratories  of  the  University  of  Ari¬ 
zona  (Mehringer,  1967b).  The  number  of  pollen  grains  counted  per 
sample  was  200.  Radiocarbon  date  determinations  were  by  Isotopes, 
Inc.  and  were  made  in  conjunction  with  Desert  Soil-Geomorphology 
Project  of  the  Soil  Conservation  Service. 

The  most  prevelant  Pollen  type  was  the  cheno-am.  These  are  grains 
which  belong  to  the  anemophilous  families  Chenopodiaceae  and  Am- 
aranthaceae.  In  southern  New  Mexico,  the  genera  Atriplex ,  Chen- 
o podium,  and  Amaranthus  probably  account  for  the  vast  majority  of 
this  type  of  pollen.  At  present  it  is  impossible  to  distinguish  between 
the  various  genera. 

Another  common  pollen  type  is  the  Poaceae  or  grass  family.  Like 
the  cheno-ams,  the  family  is  anemophilous  and  (except  for  Zed)  it  is 
currently  impossible  to  distinguish  between  general  involved. 

The  lo-spine  pollen  types  is  generated  by  members  of  the  Asteraceae 
or  composite  family.  The  group  is  anemophilious  and  has  spines  less 
than  3  microns  in  length.  The  lo-spines  are  liberated  by  genera  which 
commonly  do  not  have  conspicuous  flowers  and  in  this  area  are  prob¬ 
ably  attributable  to  genera  such  as  Xanthium ,  Hymenoclea ,  and  Am¬ 
brosia. 

The  hi-spine  pollen  type  (spines  over  3  microns  in  length)  is  pro¬ 
duced  by  composite  genera  which,  unlike  the  above  types,  are  insect 
pollinated  or  entomophilous.  These  are  attributable  to  composite 
genera  which  generally  have  conspicuous  flowers. 

Rarer  pollen  types  were  identified  and  included  in  the  pollen  dia¬ 
grams.  All  Ephedra  pollen  found  was  of  the  “torreyana”  type  which 
is  interpreted  as  an  indication  of  summer  rainfall  patterns.  All  Nycta- 
ginaceae  pollen  was  of  the  “ Boerhaavia ”  type  and  can  probably  be  at¬ 
tributed  to  that  genus. 
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RESULTS  AND  DISCUSSION 

The  vegetation  of  the  Jornada  del  Muerto  Basin  today  is  typical  of 
the  desert  shrub  regions  of  southern  New  Mexico  described  by  Gard¬ 
ner  (1951).  Dominant  on  all  but  the  best  watered  areas  are  creosote- 
bush  ( Larrea  divaricata ),  tarbush  (Fluor  ensia  cernua ),  mesquite 
(. Prosopis  juli flora) ,  and  Mormon  tea  (Ephedra  trifurca ) .  Many  other 
species  of  shrubs  and  annuals  are  present.  Grass,  except  for  fluff  grass 
(Tridens  pulchellus ),  is  rare.  These  regions  were  desert  grasslands  as 
late  as  the  1880's  until  overgrazing  of  livestock  and  other  activities  of 
man  began  to  take  its  toll.  Gardner  discusses  at  length  the  historical 
evidence  which  substantiates  these  conclusions. 

Remnants  of  the  former  grasslands  in  the  Jornada  del  Muerto  Basin 
are  presently  restricted  to  sandy-textured  soils  which  are  not  excess¬ 
ively  drained,  to  sites  at  the  months  of  drainage  systems  where  water 
flow  is  slow  due  to  slight  grades,  or  to  areas  along  the  floor  of  the  basin 
which  are  periodically  flooded.  These  current  grasslands  are  usually 
dominated  by  Tobosa  grass  (Hilaria  mutica)  which  cattle  are  often 
reluctant  to  graze. 

The  pollen  profiles  are  discussed  in  a  sequence  from  the  oldest  to 
the  youngest  sediments. 

The  pollen  profiles  from  the  Organ  I  sediments  at  Gardner  Spring 
are  of  particular  interest  because  they  (Gardner  Spring  A  and  B)  ap¬ 
parently  were  deposited  at  the  end  of  the  Altithermal  proposed  by 
Bryan  (1925)  and  Antevs  (1952;  1955).  The  classic  Bryan- Antevs 
model  of  the  climatic  history  of  the  Southwest  divides  Wisconsin  and 
Holocene  times  into  (1)  Pluvial;  (2)  early  post- pluvial  (Anather- 
mal) ;  and  late  post-Pluvial  (Medithermal).  According  to  the  Bryan- 
Antevs  model  the  Antithermal  (7,500-4,000  B.P.)  is  considered  to 
have  been  an  especially  hot  and  dry  interval.  Erosion  cycles,  as  evi¬ 
denced  by  arroyo  cutting,  were  initiated  by  the  onset  of  the  drier  con¬ 
ditions  which  reduced  the  vegetation  cover.  More  recent  studies  by 
Martin,  Haynes,  Mehringer,  et  aL ,  in  southeastern  Arizona  (see  dis¬ 
cussion  in  section  on  Gardner  Springs  sites  A  and  B)  have  led  to  re¬ 
finements  in  thinking  on  interrelationships  of  change,  vegetation 
shifts,  and  erosion-sedimentation  cycles. 

Gardner  Spring  Sites  “A”  and  UB” 

The  Gardner  Spring  “A”  and  “B”  (Figure  3)  are  located  85  feet 
apart  and  the  periods  of  deposition  were  the  same  as  indicated  by  the 
radiocarbon  dates  obtained  from  charcoal  near  the  base  of  each  sedi¬ 
ment.  These  sediments  are  of  particular  interest  because  only  3  radio- 
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Fig.  3.  Location  of  sampling  sites  at  the  Gardner  Spring  locality.  Letters  indicate  sampling 
sites.  The  open  square  locates  a  surface  sampling  site  in  a  present  grassland. 


carbon  dated  profiles  of  4,000  to  7,500  years  B.P.  have  been  studied 
previously  in  the  Mexican  border  region.  The  dated  “A”  and  “B”  pro¬ 
files  (Figures  4  and  5,  respectively)  represent  a  period  of  time  in  the 
latter  part  of  the  “Altithermal”  interval  proposed  by  Antevs  (1952; 
1955). 

The  paucity  of  arboreal  pollen  in  these  sections  is  very  striking  and 
the  rarity  of  conifer  (particularly  pine)  pollen  indicates  that  there 
must  have  been  little  mass  movement  of  air  from  the  Mogollon,  Black, 
and  Sacramento  mountain  ranges  during  the  flowering  period.  Much 
more  Pinus  pollen  was  found  in  the  Llano  Estacado  profiles  and  mod¬ 
ern  surface  deposits  (Wendorf,  et  ai,  1961)  even  though  the  High 
Plains  are  much  farther  from  coniferous  forests  than  is  the  Gardner 
Spring  site. 

Both  the  “A”  and  “B”  profiles  appear  to  have  2  units;  and  upper 
unit  (above  approximately  1.0  meters),  and  a  2nd  lower  unit  (below 
approximately  1.0  meters).  In  the  lower  and  older  units,  cheno-ams 
are  the  dominant  pollen  types  (40-60%  in  “A”  and  40-50%  in  UB”) 
with  grass  pollen  present  at  relatively  low  frequency  levels  (20%  in 
both  sections) .  Lo-  and  hi- spine  composite  pollen  makes  up  most  of  the 
rest  of  the  pollen  counted. 

The  upper  unit  of  both  “A”  and  “B”  profiles  is  marked  by  a  distinct 
increase  in  grass  pollen  (to  approximately  30%  in  both  sections)  and 
a  decided  decrease  in  cheno-ams  (to  approximately  30%  in  “A”  and 
20%  in  <CB”) . 
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Fig.  4.  Pollen  profile  from  site  A  at  Gardner  Spring. 


When  the  data  were  subjected  to  multiple  regression  analysis,  the 
contribution  of  grasses  to  the  multiple  regression  equations  (F  test  = 
4.9272  in  “A”  and  5.0415  in  UB”)  proved  to  be  significant  at  the  .05 
level.  The  partial  correlation  coefficients  between  cheno-ams  and  grass 
pollen  frequencies  (—.8434  in  “A”  and  —.8647  in  UB”)  are  significant 
at  the  .01  level,  indicating  that  the  apparent  inverse  relationship  be¬ 
tween  cheno-ams  and  grass  is  real.  As  is  usually  the  case,  it  is  not 
known  whether  cheno-ams  increased  in  numbers  below  one  meter  at 
a  time  when  grass  decreased  in  number  or  whether  both  increased,  but 
cheno-ams  relatively  more  than  grass. 

Other  correlation  and  regression  relationships  appear  within  a  sin¬ 
gle  profile  which  do  not  occur  in  both  profiles. 

Within  profile  “A”  the  F  ratio  between  cheno-arms  and  unidentified 
pollen  is  5.2714  (P  <  .05) .  The  partial  correlation  coefficient  is  —.4567 
(P  <  .05). 

The  F  ratio  between  cheno-ams  and  the  pooled  frequencies  of  the 
less  common  pollen  types  is  7.4428  (P  <  .05).  The  partial  correlation 
coefficient  is  —.5208  (P  <  .05). 


212 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Fig.  5.  Pollen  profile  from  site  B  at  Gardner  Spring. 


In  profile  “B”  the  F  ratio  between  cheno-ams  and  the  pooled  fre¬ 
quencies  of  the  less  frequent  pollen  types  is  2.2890  which  is  not  signifi¬ 
cant.  The  partial  correlation  coefficient,  however,  is— .7575  (P  <  .01). 
This  indicates  that  the  contribution  by  the  pooled  frequencies  of  rare 
pollen  types,  as  indicated  by  the  F  test,  is  not  significant. 

These  last  4  correlations  are,  in  my  opinion,  suspect.  While  they  are 
statistically  significant,  there  is  some  question  as  to  their  relevance 
since  correlation  can  be  found  where  there  is  no  distinct  dependence 
of  one  variable  upon  another.  The  coefficient  of  determination  (r2)  is 
the  coefficient  of  correlation  squared  and  indicates  the  percentage  of 
the  dependent  variable  which  can  be  attributed  to  the  independent 
variable  while  holding  the  other  dependent  variables  constant.  There 
is  disagreement  among  statistians  as  to  the  reliability  of  the  coefficient 
of  determination  in  defining  the  above  relationship.  Consequently,  in 
considering  the  data  at  hand,  the  author  doubts  that  any  confidence 
can  be  placed  in  r2  values  of  approximately  50%  or  less  and,  therefore, 
assumes  any  coefficient  of  determination  in  that  range  to  be  coinci¬ 
dental.  In  contrast,  the  grass-cheno-am  relationships  discussed  above 
have  a  coefficient  of  determination  of  over  71  %  and  are  considered  re- 
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liable.  Thus,  there  is  a  decrease  of  cheno-ams  and  an  increase  in  grass 
pollen  toward  the  upper  parts  of  the  “A”  and  “B”  sections.  This  may 
be  interpreted  as  indicating  the  onset  of  more  mesic  conditions  some¬ 
time  after  the  radiocarbon  dates  in  the  sections.  This  interpretation 
seems  to  fit  the  Ante  vs'  model  very  well  since  the  postulated  end  of 
the  Altithermal  occurred  somewhere  around  4,000  years  ago. 

Pollen  stratigraphic  evidence  to  support  such  an  “Altithermal”  hy¬ 
pothesis  appears  to  occur  in  Wyoming  (Hansen,  1951),  northern 
Nevada  (Sears  and  Roosma,  1961),  central  Colorado  (Pennak,  1963), 
northern  Arizona  (Hevly,  1964),  and  southern  Nevada  (Mehringer, 
1965),  and  eastern  California  (Roosma,  1958). 

Along  the  Mexican  border,  pollen  evidence  of  this  type  has  seemed 
to  be  missing.  Martin  (1963a;  1963b),  studying  deposits  of  this  age 
at  the  Double  Adobe  site  in  southeastern  Arizona,  has  come  to  the 
opposite  conclusion,  based  primarily  on  arboreal  pollen  frequencies, 
that  the  Altithermal  period  was  a  time  of  summer  monsoon  rains  and, 
therefore,  more  moist  than  at  present. 

Haynes  (1968)  believes  Martin’s  conclusion  may  be  in  error.  The 
presence  of  an  erosional  contact  between  “white  silt,  clay”  (approxi¬ 
mately  7,500  to  9,500  years  old) ,  which  correlated  with  his  deposition 
unit  B2,  and  an  overlying  “indurated  silt,”  which  he  thinks  is  probably 
correlative  with  his  deposition  unit  D,  is  ignored.  Thus,  as  much  as 
3,000  years,  which  represents  much  of  Altithermal  time,  may  be  miss¬ 
ing  in  this  pollen  profile.  When  this  hiatus  is  considered  in  interpret¬ 
ing  the  pollen  record,  Haynes  says  the  opposite  trend  (as  indicated  by 
declining  pine  and  composite  frequencies  and  a  rise  in  cheno-am  fre¬ 
quencies)  toward  more  xeric  conditions  is  seen. 

The  pollen  record  at  the  Murray  Springs  Site  is  more  difficult  to 
reconcile.  Mehringer,  et  al.  (1967)  have  re-examined  the  pollen  rec¬ 
ord  from  this  site.  The  re-examination  confirmed  the  original  conclu¬ 
sions  that  “Altithermal”  time  in  southeastern  Arizona  was  more  moist 
than  at  present. 

However,  the  location  of  such  sites  as  Double  Adobe  and  Murray 
Springs  at  or  near  the  center  of  intermountain  basins  may  be  im¬ 
portant.  These  sites  would  be  the  most  mesic  of  any  in  the  area  due  to 
run-off  from  upland  areas.  In  fact,  it  does  not  seem  unlikely  that  re¬ 
duced  vegetative  cover  on  the  piedmont  slopes  near  mountain  masses 
would  actually  increase  the  amount  of  run-off  into  basin  areas  and 
cause  these  lowlands  to  support  more  mesic  plant  communities  than 
would  be  present  on  the  lowland  areas  during  more  moist  intervals. 
Piedmont  localities,  such  as  Gardner  Spring,  might  be  much  less 
subject  to  this  kind  of  effect. 
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From  pollen  data  obtained  near  the  confluence  of  the  Pecos  and  Rio 

Grande  rivers  in  southwestern  Texas,  Johnson  (1963)  has  suggested 
that  the  Altithermal  period  was  more  mesic  than  at  present.  This  con¬ 
clusion  was  based  on  an  increase  in  pine  frequencies  in  his  study  pro¬ 
files.  It  has  been  pointed  out  (Martin  and  Mehringer,  1965)  that  this 
occurrence  can  be  interpreted  in  2  ways:  (1)  as  an  indication  of  in¬ 
creasing  effective  precipitation  with  the  accompanying  expansion  of 
coniferous  forests,  or  (2)  that  the  increased  frequency  of  pine  pollen 
indicates  an  increase  that  is  only  relative.  Local  pollen  production 
could  be  reduced  due  to  drought  while  production  of  conifer  pollen 
would  continue  at  high  elevations  at  close  to  previous  levels.  High  pine 
frequencies  have,  in  fact,  been  observed  in  desert  areas  far  from  co¬ 
niferous  forests  due  to  long  distance  transport  and  enhancement  by  ex¬ 
tremely  poor  local  pollen  production  (Hevly,  et  al .,  1966) . 

At  odds  with  the  idea  that  an  Altithermal  interval  is  indicated  by 
the  pollen  spectra  at  Gardner  Springs  seems  to  be  the  increase  in  the 
frequency  of  Ephedra  pollen  toward  the  upper  part  of  these  sections. 
An  increase  in  the  frequency  of  Ephedra  pollen  has  been  supposed  to 
indicate  drier  conditions  in  southeastern  Arizona  (Mehringer,  et  al. , 

1966) .  The  frequencies  of  Ephedra  in  the  Organ  I  sediment  are,  how¬ 
ever,  quite  low,  averaging  below  the  3%  that  indicates  desert  shrub 
vegetation  in  southeastern  Arizona  (Mehringer,  et  al.,  1966).  In  ad¬ 
dition,  it  has  been  pointed  out  that  Ephedra  is  an  uncommon  shrub  in 
the  desert  grasslands  of  southern  Arizona,  but  that  it  is  much  more 
abundant  farther  east  across  the  continental  divide  in  northern  Chi¬ 
huahua  and  southern  New  Mexico  (Martin,  1953a).  Little  is  known 
of  the  ecology  and  pristine  distribution  of  Ephedra  in  southern  New 
Mexico  grasslands.  It  appears  Ephedra  is  a  component  species  of  desert 
grasslands  in  the  area  and  that  it  does  not  increase  greatly  in  abun¬ 
dance  with  site  deterioration  (Gardner,  1951).  Thus,  the  meaning  of 
increasing  Ephedra  frequencies  is  not  clear.  It  is  possible  that  the  in¬ 
crease  in  Ephedra  pollen  does  not  necessarily  indicate  drying  condi¬ 
tions,  but  may  actually  indicate  the  opposite. 

It  is  also  interesting  to  note  that  Ephedra  pollen  occurs  commonly 
in  sediments  which  must  be  nearly  5,000  years  old.  In  southeastern 
Arizona  Ephedra  begins  to  appear  much  more  commonly  later  in  the 
alluvial  record  at  approximately  1,500  years  B.P.  (Mehringer,  et  ah, 

1967) . 

Gardner  Spring  Site  “ C  ” 

Gardner  Spring  site  “C”  (Figure  6)  is  located  on  the  vertical  north 
bank  of  Gardner  Spring  Arroyo  about  400  feet  downstream  (WNW) 
of  the  Apollo  Highway  crossing.  Across  the  section  at  between  0.9  and 
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1.0  meter  is  a  sharp,  disconformable  contact  with  Organ  I  sediments 
below  and  Organ  II  sediments  above.  The  Organ  I  deposit  is  finer  in 
texture  than  the  Organ  II  sediment  at  this  point.  The  upper  0.5  meter 
of  Organ  II  sediment  is  very  gravelly  and  little  or  no  pollen  is  pre¬ 
served  in  this  material.  It  is  thought  that  the  disconformable  contact 
may  represent  a  hiatus  of  as  much  as  2,300  years,  since  a  charcoal  date 
of  2,220  ±  95  radio  carbon  years  B.P.  was  obtained  just  above  the  con¬ 
tact. 

The  site  “C”  pollen  diagram  is  seen  in  Figure  6.  There  are  no  abrupt 
changes  in  pollen  frequencies  across  the  contact  in  spite  of  the  fact 
that  the  sediments  have  different  textures.  As  a  check  on  the  reality  of 
that  similarity,  samples  were  collected  5  cms  on  both  sides  of  the  con¬ 
tact  at  a  site  near  the  original  sampling  locality.  These  2  samples,  too, 
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Fig  7.  Pollen  profile  from  site  D  at  Gardner  Spring. 
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showed  nearly  identical  pollen  counts,  indicating  that  the  similarity 
is  real  and  not  simply  due  to  sampling  error. 

The  upper  part  of  the  Organ  I  sediment  at  site  “C”  showed  very  low 
cheno-am  and  high  grass  and  lo-spine  counts;  more  so  than  the  upper 
units  of  sites  “A”  and  “B”.  However,  the  sediments  at  “C”  are  much 
finer  textured  than  those  of  “A”  and  “B”,  indicating  deposition  under 
somewhat  different  conditions.  This  is  not  unexpected  since  site  “C” 
is  downslope  from  “A”  and  “B”. 

As  a  check  on  the  “C”  Organ  I  counts,  this  same  unit  was  sampled  to 
a  depth  of  .5  meter  at  site  “G”  to  the  west  (Figure  6)  where  the  fine- 
textured  Organ  I  sediments  are  exposed  at  the  surface.  Counts  at  this 
site  were  nearly  identical  to  those  of  the  Organ  I  sediment  at  site  “C”. 
The  conclusion  that  the  climate  must  have  become  more  mesic  at  the 
end  of  Organ  I  sedimentation,  therefore,  receives  some  substantiation. 

Modern  pollen  counts  from  the  surface  in  adjacent  flats  west  of  site 
“C”  which  are  today  dominated  by  Tobosa  grass,  are  very  similar  to 
those  counts  obtained  in  Organ  I  sediments  near  the  Organ  I/II  contact 
at  site  “C”.  Today  the  vegetation  in  the  area  immediately  adjacent  to 
sites  “A”  through  “D”  is  desert  shrub.  Surface  counts  in  this  area  re¬ 
flect  the  dominance  of  cheno-ams,  etc. 

The  Organ  II  sediment  pollen  frequencies  seem  to  indicate  increas¬ 
ing  aridity  after  2,200  ±  95  radiocarbon  years  B.P.  but  the  change  was 
probably  less  intense  than  the  change  toward  the  end  of  Organ  I  depo¬ 
sition  cycle. 

Multiple  regression  analysis  indicates  that  cheno-am  and  lo-spine 
composite  frequencies  in  section  “C”  have  a  coefficient  of  correlation 
of  —.9044  (P  <  .01).  The  coefficient  of  determinaiton  (r2)  indicates 
that  81.79%  of  the  variability  of  the  independent  varable  can  be  at¬ 
tributed  to  the  dependent  variable.  The  unidentified  group  was  also 
found  to  be  negatively  correlated  (coefficient  of  correlation  =  —.7001) 
with  the  cheno-am  frequency  (P  <  .05).  The  low  coefficient  of  deter¬ 
mination  (49.02%)  is  thought  to  indicate  coincidental  correlation  for 
reasons  discussed  above. 

Gardner  Spring  Site  “D” 

The  deposit  at  this  site  (Figure  7),  as  discussed  above,  is  Organ  III 
sediment  and  is  the  backfill  material  in  an  old  arroyo.  Charcoal  re¬ 
covered  from  near  the  base  of  this  deposit  has  a  date  of  1,120  ±  90 
radiocarbon  years  B.P.  The  site  is  located  200  feet  south  of  the  “A”  and 
“B”  sites  and  is  composed  of  material  of  approximately  the  same  tex¬ 
ture. 

The  pollen  sequence  (Figure  7)  shows  no  statistically  significant 
variation  in  pollen  composition,  which  probably  indicates  that  the 
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“D”  sediment  was  deposited  with  relative  rapidity.  The  pollen  profile 
seems  to  match  that  of  the  upper  unit  of  “A”  and  “B”  reasonably  well, 
which  may  be  interpreted  as  indicating  that  the  climate  at  that  time 
was  similar  to  that  which  prevailed  at  the  end  of  Organ  I  sedimenta¬ 
tion. 

The  pollen  frequencies  at  “D”  are  not  as  low  in  cheno-ams  and  high 
in  grass  and  lo-spine  types  as  the  surface  samples  from  sites  in  the  area 
where  grasses  now  dominate  the  surface.  The  “D”  sediments  are  much 
closer  to  these  frequencies,  however,  than  they  are  to  surface  counts 
from  presently  desert  shrub  environments. 

SUMMARY 

The  pollen  record  in  the  upper  Organ  I  alluvium  of  the  Gardner 
Spring  site  (5,000  to  <  4,500  B.P.)  shows  a  shrub  to  grassland  transi¬ 
tion.  Because  the  Jornada  del  Muerto  Basin  was  undoubtedly  predomi¬ 
nantly  grassland  before  the  arrival  of  the  grazing  herds  of  the  white 
man,  there  is  indication  that  the  dry  Altithermal  of  Antevs  may  have 
been  a  reality  in  southern  New  Mexico.  That  conclusion  is  strength¬ 
ened  by  the  appearance  of  an  apparently  more  mesic  upper  unit  in  the 
Organ  I  sediments  of  Gardner  Spring  “A”,  “B”,  and  “C”  sites. 

The  Organ  II  sediment  at  site  “C”  seems  to  indicate  a  drying  trend 
after  2,200  radiocarbon  years  B.P.  This  drying  trend  was  probably  not 
very  extreme. 

The  Organ  III  sediment  at  site  “D”,  which  is  younger  than  1,100  ± 
90  radiocarbon  years,  has  a  pollen  profile  which  would  seem  to  rea¬ 
sonably  match  the  upper  unit  of  Organ  I  sediments  at  sites  “A”  and 
“B”,  indicating  that  they  were  probably  formed  under  similar  condi¬ 
tions.  Further  evidence  for  this  is  that  these  deposits  have  similar  tex¬ 
tures.  The  pollen  evidence  would  indicate  that  climates  1,100  radio¬ 
carbon  years  B.P.  were  similar  to  those  occurring  approximately  4,000 
years  ago.  Coarse  sediments  found  at  the  surface  of  deposits  which 
have  apparently  been  stable  for  long  periods  of  time  contain  little  or 
no  pollen. 

The  evidence  for  the  possible  existence  of  an  Altithermal  interval 
in  these  Holocene  deposits  in  south  central  New  Mexico  is  at  variance 
with  the  results  of  other  paleoecological  studies  conducted  in  deposits 
of  similar  age  along  the  Mexican  border  in  Southwest  Texas  and 
Southeast  Arizona.  It  does  seem  to  agree  with  the  interpretations  of 
studies  of  deposits  farther  north  and  northwest,  but  equally  xeric 
present  day  environments  in  several  cases.  It  is  then  imperative  that 
other  alluvial  or  lacustrine  deposits  in  southern  New  Mexico  be  ex- 
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amined  to  determine  whether  the  preceding  results  are  due  to  local 
depositional  phenomena  or  whether  these  trends  also  appear  in  other 
nearby  sediments. 

Since  pollen  preservation  in  the  alluvial  deposits  was  mediocre,  it  is 
suggested  that  lacustrine  deposits  be  preferentially  examined  in  future 
Holocene  palynological  investigations. 
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ABSTRACT 

The  pattern  of  the  cerebral  sulci  and  gyri  of  the  sea  otter,  Enhydra  lutris,  is  com¬ 
pared  with  that  of  the  American  marten,  Martes  americana.  The  cerebrum  of  the 
sea  otter  shows  distinct  evolutionary  changes  and  has  complex  fissuring,  while  that 
of  the  marten  reflects  the  more  primitive  condition  and  is  less  extensively  fissured. 
In  the  sea  otter,  the  anterior  arm  of  the  ectosylvian  gyrus  is  depressed  into  the 
pseudosylvian  sulcus  and  partially  overlaid  by  the  coronal  and  the  rear  arm  of  the 
ectosylvian  gyri,  whereas  the  anterior  arm  is  entirely  exposed  in  the  marten.  Other 
distinctive  features  of  the  sea  otter  include  a  marked  postcruciate  sulcus,  a  large 
ursine  lozenge,  a  well-developed  ansate  fissure  that  divides  the  caudal  portion  of  the 
sigmoid  gyrus  into  2  distinct  parts,  and  a  long  cruciate  sulcus  that  curves  caudally 
at  its  distal  end,  not  cephalad  as  in  the  marten.  On  the  ventral  surface,  the  inter¬ 
rupted  postrhinal  sulcus  results  in  a  superficial  fusion  of  the  pyriform  lobe  with  the 
neopallium,  contrasting  with  the  complete  sulcus  in  the  marten  that  fully  separates 
the  pyriform  from  the  neopallium. 

INTRODUCTION 

Although  the  cerebral  structure  of  such  domestic  species  as  the  dog 
and  cat  has  been  described  in  numerous  papers  and  texts,  the  nondo- 
mesticated  members  of  the  Carnivora  have  received  relatively  little  at¬ 
tention.  Exceptions  to  this  statement  include  papers  describing  the 
cerebrum  of  Procyon  and  several  related  Procyonidae  from  the  func¬ 
tional  standpoint  (Welker  and  Campos,  1963;  Welker,  Johnson,  and 
Pubols,  1964),  the  giant  panda  (Mettler  and  Goss,  1946;  Davis, 
1964);  the  bears  (Smith,  1933a;  Davis,  1964),  and  the  mink  (Papez, 
1929),  and  brief  mention  of  this  brain  part  in  a  variety  of  types  (Mi- 
vart,  1885). 

Except  for  a  short  description  by  Mivart  (1885),  the  brain  of  the 
sea  otter  has  received  no  detailed  attention,  partly  as  a  consequence 
of  the  rarity  of  the  animal  and  the  intense  protection  given  it  by  inter- 

*  This  study  was  supported  by  the  U.  S.  Public  Health  Service  research  grant 
number  NB- 06525  from  the  National  Institute  of  Neurological  Diseases  and  Stroke. 
Accepted  for  publication:  Nov.  1, 1971. 
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national  agreement.  Now  that  fresh  material  has  been  made  available, 
a  description  of  the  salient  features  seems  in  order. 

METHODS 

Three  brains  of  the  sea  otter  ( Enhydra  lutris )  and  6  of  the  Ameri¬ 
can  marten  ( Martes  americana )  were  used  in  this  study,  all  of  which 
were  from  mature  individuals.  Each  specimen  was  fixed  in  10%  for¬ 
malin,  and  the  2  cerebral  hemispheres  separated;  photographs  were 
made  of  each  hemisphere,  from  which  drawings  were  then  prepared. 
Drawings  were  enlarged  to  a  uniform  length  for  ease  of  comparison. 
Since  the  cerebrum  of  the  marten  resembles  that  of  the  majority  of  the 
family  Mustelidae,  its  characteristics  are  presented  first  in  the  descrip¬ 
tions  below  of  the  individual  gyri  and  other  features.  The  anatomical 
nomenclature  follows  Papez  ( 1 929)  and  Davis  ( 1 964) . 

OBSERVATIONS 

Lateral  Aspects.  As  in  the  carnivores  as  a  whole  (Papez,  1929),  a 
lateral  view  of  the  cerebrum  in  both  the  marten  and  sea  otter  shows  a 
series  of  horseshoe-shaped  convolutions  arching  around  the  pseudo- 
sylvian  fissure,  with  their  open  ends  directed  ventrad.  But,  like  other 
Mustelidae  (Holl,  1889),  Procyon  (Papez,  1929),  and  the  Ursidae 
(Hoik  1899;  Smith,  1933a),  the  Sylvian  fissure  and  gyrus  are  buried 
within  the  pseudosylvian  fossa  and  hence  are  not  visible  upon  the  sur¬ 
face  of  the  cerebrum  (Figs.  1,2). 

In  the  marten  (Fig.  1),  the  posterior  ectosylvian  gyrus  is  about  half 
again  as  broad  as  the  suprasylvian  and  curves  smoothly  to  join  its  an¬ 
terior  limb.  The  anterior  limb  is  distinctly  narrower  than  the  posterior 
and  lies  slightly  deeper  in  the  pseudosylvian  fissure,  but  is  neverthe¬ 
less  exposed  upon  the  surface  as  a  well-defined  convolution.  In  the  sea 
otter  (Fig.  2),  the  posterior  limb  is  much  narrower,  scarcely  exceed¬ 
ing  the  suprasylvian  in  width,  and  at  its  most  dorsal  point  curves  ab¬ 
ruptly  to  join  the  anterior  limb.  The  anterior  limb  lies  entirely  within 
the  pseudosylvian  fissure  and  is  overlain  by  the  posterior  limb  and  the 
coronal  gyrus,  leaving  only  its  extreme  ventral  end  exposed  upon  the 
superficial  surface. 

Differences  also  occur  between  the  2  species  in  the  configuration 
of  the  suprasylvian  gyrus  and  the  coronal  gyrus  that  continues  the 
former  anteriorly.  In  the  marten,  the  suprasylvian  gyrus  forms  a  rel¬ 
atively  smooth  arc,  being  rather  uniformly  narrow,  except  medially 
where  it  is  slightly  expanded,  whereas  the  coronal  gyrus  is  nearly 
straight,  lies  at  an  angle  of  45°  to  the  long  axis  of  the  brain,  and  tapers 
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Fig  2 

Figs.  1,  2.  Lateral  views  of  the  brains  of  the  marten  (Fig.  1;  X  3)  and  the  sea  otter  (Fig.  2; 
X  1  y2).  Sulci:  a,  an  sate;  c,  coronal;  cr,  cruciate;  enl,  entolateral;  /,  lateral;  pc,  postcruciate; 
pr.  pro  reus;  prc,  precruciate;  ps,  pseudosylvian;  rh,  rhinal;  ss,  suprasylvian.  Gyri:  Aeg, 
anterior  ectosylvian;  asg,  anterior  sigmoid;  eg,  coronal;  eg,  ectosylvian;  fg,  frontal;  isg, 
intermediate  sigmoid;  /g,  lateral;  pg,  postcruciate;  psg,  posterior  sigmoid;  ssg,  suprasylvian; 
uf,  ursine  lozenge. 
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dorsally  (Fig.  1 ) .  In  the  sea  otter,  the  suprasylvian  gyms  is  scarcely 
arcuate,  nearly  vertical,  and  located  closer  to  the  caudal  margin  of 
the  cerebrum;  ventrally  it  is  widely  expanded,  but  toward  the  dorsal 
end  an  accessory  sulcus  almost  bisects  it.  In  this  same  species,  the 
coronal  gyrus  also  lies  farther  posteriorly,  approximately  correspond¬ 
ing  to  the  position  of  the  anterior  ectosylvian  in  the  marten.  In  shape 
it  is  more  or  less  sigmoid  and  somewhat  expanded  dorsally,  the  an¬ 
terior  margin  being  serrate  and  emarginate  medially. 

In  the  marten,  the  sigmoid  gyms  is  simple  in  configuration  and  is 
separated  from  the  lateral  one  by  the  postcruciate  gyrus  (Fig.  1). 
Since  no  ansate  sulcus  is  present  to  subdivide  it  further,  the  sigmoid 
gyrus  consists  only  of  the  two  convolutions,  the  anterior  and  posterior 
lobes,  formed  by  the  penetration  of  the  cmciate  sulcus.  In  contrast, 
the  ansate  sulcus  is  well  developed  in  the  sea  otter  as  well  as  the  cru¬ 
ciate  and,  consequently,  the  sigmoid  gyrus  is  subdivided  into  3  parts. 
These  3  convolutions,  referred  to  as  the  anterior,  intermediate,  and 
posterior  sigmoid  gyri  (Fig.  2),  are  almost  completely  separated 
by  strong  fissures.  In  addition  to  being  more  complex,  the  sigmoid  as 
a  whole  is  located  more  ventrally  in  the  sea  otter  than  in  the  marten, 
its  position  being  associated  with  differences  in  the  configuration  and 
extent  of  the  cruciate  sulcus. 

The  cruciate  sulcus  in  the  marten  originates  at  a  position  posterior 
to  that  in  the  sea  otter  and  is  rather  narrow  as  it  extends  laterally  and 
ventrally  across  the  cerebmm  to  curve  cephalad  at  the  lateral  ter¬ 
minus.  At  the  most  ventral  point,  it  does  not  extend  below  the  upper 
Ys  of  the  cerebrum.  An  indistinct  precmciate  sulcus  may  be  present 
or  not;  when  present,  it  provides  one  boundary  of  a  small,  poorly  de¬ 
fined  triangle,  called  the  “ursine  lozenge”  by  Mivart  (1885).  On  the 
other  hand,  the  cruciate  sulcus  in  the  sea  otter  is  often  continuous  with 
the  medial  surface  of  the  brain  and  is  much  more  deeply  impressed 
than  in  the  marten;  it  is  also  much  longer  than  in  the  latter  animal, 
extending  to  the  lower  Ys  °f  the  cerebrum.  The  precruciate  sulcus  is 
well  marked,  and  the  ursine  lozenge  which  it  bounds  anteriorly  is 
large  and  conspicuous.  Just  caudad  to  the  cruciate  is  the  postcruciate, 
a  short  fissure  absent  in  the  marten. 

Dorsal  View .  In  dorsal  view,  other  marked  differences  between  the 
2  species  may  be  noted.  The  lateral  gyrus  in  the  marten  tends  to  be 
broad  posteriorly  (Fig.  3)  but  narrows  as  it  continues  onto  the  dorsal 
surface  of  the  cerebrum;  no  suggestion  of  an  entolateral  sulcus  is  evi¬ 
dent.  The  lateral  sulcus  is  simple,  with  little  subfissuring,  and  curves 
smoothly  from  a  vertical  to  a  horizontal  position  as  it  approaches  the 
dorsal  surface.  The  lateral  gyrus  of  the  sea  otter  (Fig.  4)  expands 
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Figs.  3,  4.  Dorsal  view  of  brains  of  the  marten  (Fig.  3;  X  3)  and  sea  otter  (Fig.  4;  X  1  y2). 
Sulci:  a,  ansate;  c,  coronal;  c r,  cruciate;  enl,  entolateral;  /,  lateral;  pc,  postcruciate;  pr, 
proreus;  prc,  precruciate;  ps,  pseudosylvian;  ss,  suprosylvian.  Gyri:  asg,  anterior  sigmoid; 
eg,  coronal;  eg,  ectosylvian;  fg,  frontal;  isg;  intermediate  sigmoid;  /g,  lateral;  pg  postcruciate; 
psg,  poterior  sigmoid;  ssg,  suprosylvian;  uf,  ursine  lozenge. 


226 


THE  TEXAS  JOURNAL  OF  SCIENCE 


abruptly  just  behind  its  anterior  end,  then  narrows  once  more  before 
continuing  ventrad;  it  is  partly  subdivided  by  an  entolateral  sulcus 
that  is  completely  isolated  from  the  other  sulci.  Anteriorly  the  lateral 
gyrus  is  bordered  by  an  elongate,  sinuate,  but  unnamed  branch  of  the 
ansate  sulcus;  this  extensive  branch  sends  out  a  short  ramus  toward 
the  postcruciate  fissure  and  then  continues  obliquely  cephalad  toward 
the  cruciate  sulcus. 

The  postcruciate  gyrus  is  relatively  small  in  the  marten  (Fig.  3) ;  it 
is  partially  defined  posteriorly  by  an  extension  of  the  coronal  gyrus 
and  anteriorly  as  bounded  by  the  cruciate  sulcus.  Ventrally  it  blends 
into  the  posterior  sigmoid  gyrus;  where  these  2  gyri  unite  a  small 
impression  is  often  present  that  possibly  represents  a  forerunner  of 
the  prominent  ansate  sulcus  of  the  sea  otter.  The  postcruciate  gyrus 
in  the  sea  otter  (Fig.  4)  is  much  wider  and  is  partially  divided  by  the 
postcruciate  sulcus,  which  is  lacking  in  the  marten. 

Another  point  of  difference  is  that  the  frontal  gyrus  in  the  marten 
occupies  much  of  the  anterior  dorsal  surface  and  attains  the  medial 
cleft  of  each  hemisphere.  In  the  sea  otter,  however,  the  gyrus  is  scarce¬ 
ly  visible  in  dorsal  view,  the  anterior  sigmoid  gyrus  intervening  be¬ 
tween  it  and  the  medial  wall  of  the  hemisphere. 

Ventral  View.  In  both  the  marten  and  sea  otter,  the  most  prominent 
fissure  on  the  ventral  surface  (Figs.  5,  6)  is  the  rhinal,  which,  accord¬ 
ing  to  Smith  (1933a),  forms  the  boundary  between  the  phylogenet- 
ically  older  olfactory  cortex  and  the  newer  neopallium.  In  both  species 
the  rhinal  fissure  begins  at  the  anterior  end  of  the  cerebrum  and  is 
bounded  medially  by  the  olfactory  bulb  and  tract.  However,  in  the 
marten  (Fig.  5),  the  fissure  borders  the  frontal  gyrus  from  the  ol¬ 
factory  bulb  caudad  to  about  %  the  distance  to  the  pyriform  lobe. 
Beyond  this  point,  it  bounds  the  anterior  ectosylvian  and  coronal  gyri, 
but  between  the  latter  2  gyri,  it  is  joined  by  the  prorian  fissure.  Caudad 
from  the  pyriform  lobe  it  continues  uninterruptedly  past  the  pseudo- 
sylvian  fissure  to  its  juncture  with  the  suprasplenial  sulcus  on  the 
medial  surface.  Because  the  rhinal  fissure  is  thus  complete  and  un¬ 
interrupted,  the  entire  olfactory  portion  of  the  cerebrum  is  super¬ 
ficially  separated  from  the  neopallium.  Furthermore,  because  this 
fissure  is  situated  along  the  ventrolateral  margin,  little  of  the  neo¬ 
pallium  is  visible  in  ventral  view.  In  the  sea  otter,  however,  the  rhinal 
fissure  assumes  a  more  ventral  location  as  it  approaches  the  pyriform 
lobe  than  it  does  in  the  marten  (Fig.  6) .  Along  this  entire  length,  it  is 
bordered  by  the  frontal  gyrus  nearly  to  the  pseudosylvian  fossa,  where 
it  either  terminates  or  continues  caudad  as  an  interrupted  or  indistinct 
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Fig  6 

Figs.  5,  6.  Ventral  view  of  the  brains  of  the  marten  (Fig.  5;  X  3)  and  sea  otter  (Fig.  6;  x  1  Va ) * 
Sulci:  pr,  proreus;  prh,  postrhinal;  rh,  rhinal.  Gyri:  aeg,  anterior  ectosylvian;  eg,  coronal; 
fg,  frontal;  o t,  olfactory  tract;  py,  pyriform  lobe;  ssg,  suprasylvian. 


sulcus.  As  a  consequence,  the  ectosylvian  gyrus  is  more  or  less  con¬ 
tinuous  with  the  pyriform  lobe. 

Medial  View.  As  in  the  previous  views,  the  configuration  of  the 
medial  surface  of  the  marten  cerebrum  is  simpler  than  that  of  the  sea 
otter.  Only  2  to  3  well-defined  fissures  are  present,  each  of  which  ex¬ 
hibits  little  or  no  subfissuring.  The  longest  fissure,  the  cingulate  (Fig. 
7),  continues  the  cruciate  sulcus  from  the  dorsal  surface  first  in  the 
form  of  a  short  but  distinct,  ventrally  directed  arc.  Beyond  the  arc  it 
progresses  almost  directly  posteriorly  and  then  curves  abruptly 
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Figs.  7,  8.  Medial  views  of  the  brains  of  the  marten  (Fig.  7;  X  3)  and  the  sea  otter  (Fig.  8; 
X  IV2).  ob,  olfactory  bulbs;  cc,  corpus  callosum;  th,  thalamus;  Sulci:  cs,  cingulate;  g$, 
genual;  ps,  paracalcarine;  prc,  precruciate;  rs,  rostral.  Gyri :  eg,  cingulate;  fg,  frontal; 
Ig,  lingual;  psg,  postsplenial;  rg,  rectus;  ssg,  suprasplenial. 


anterio-ventrad.  Its  caudal  terminus  is  variable,  being  located  at  times 
somewhat  below  the  level  of  the  corpus  callosum  and  at  others  at  the 
junction  with  the  cerebral  ventral  surface.  The  splenial  gyrus,  that  is 
marked  off  ventrally  by  this  sulcus,  is  narrow  and  briefly  sinuate  an¬ 
teriorly  but  gradually  widens  posteriorly.  The  postsplenial  gyrus,  that 
continues  the  splenial  posteriorly  and  ventrally,  is  relatively  broad. 
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The  cingulate  sulcus  in  the  sea  otter  (Fig.  8)  is  continuous  with 
the  postcruciate  sulcus  rather  than  with  the  cruciate;  posteriorly  it  ex¬ 
tends  obliquely  ventrad,  rather  than  abruptly  descending  as  in  the 
marten.  The  splenial  gyrus  is  nearly  twice  as  wide  as  that  of  the  mar¬ 
ten,  but  its  posterior  continuation,  the  postsplenial  gyrus,  is  quite  nar¬ 
row. 

Both  the  marten  and  the  sea  otter  cerebra  contain  a  paracalcarine 
sulcus  that  marks  off  the  lingual  gyrus  from  the  postsplenial.  In  the 
marten  the  sulcus  is  rather  short,  extending  approximately  across  the 
median  %  of  the  surface  (Fig.  7),  but  in  the  sea  otter  it  is  longer  and 
is  connected  dorsally  to  the  cingulate  sulcus  by  a  conspicuous  but  un¬ 
named  sulcus  (Fig.  8).  Whereas  the  lingual  gyrus  is  broad  in  the 
marten,  it  is  only  Y$  as  wide  in  the  sea  otter  and  is  placed  more  cau- 
dally. 

The  anteriorly  located  genual  sulcus  is  quite  variable  in  size  in  the 
marten,  ranging  from  a  small,  triradiate  impression  to  an  elongate, 
deep  sulcus  (Fig.  7).  Consequently,  the  anterior  frontal  gyrus  is  vari¬ 
ably  marked  off  from  the  cingulate  gyrus  that  lies  immediately  pos¬ 
terior  to  it.  In  contrast,  the  genual  sulcus  in  the  sea  otter  is  more  ex¬ 
tensively  developed,  being  only  narrowly  removed  from  the  anterior 
cingulate  sulcus.  A  prominent  rostral  sulcus  is  present  that  divides  the 
anterior  portion  of  this  aspect  into  2  distinct  gyri,  the  frontal  and  rec¬ 
tus.  In  addition,  the  precruciate  sulcus  often  extends  onto  the  medial 
surface  of  the  cerebrum. 

The  corpus  callosum  is  similar  in  the  2  species,  both  in  shape  and 
relative  size  (Figs.  7,  8);  it  is  somewhat  elevated  at  the  genu  and 
splenium,  with  the  body  sloping  slightly  anterioventrally. 

Olfactory  Bulbs  and  Tracts.  In  the  marten  the  olfactory  bulbs  are 
quite  large  relative  to  the  cerebrum,  almost  equalling  the  height  of  the 
anterior  frontal  gyrus  and  extending  well  beyond  the  cerebral  an¬ 
terior  margin  (Figs.  1,7).  The  olfactory  tracts  extend  ventro-medially 
from  the  bulbs  to  the  pyriform  lobes,  joining  smoothly  with  the  an¬ 
terior  margin  of  those  lobes  (Fig.  5).  In  contrast,  the  olfactory  bulbs 
of  the  sea  otter  are  reduced  in  size,  extending  only  slightly  above  the 
mid-brain  and  scarcely  anterior  to  the  frontal  gyrus  (Figs.  2,  8).  The 
olfactory  tracts  are  located  ventro-laterally,  with  the  cerebral  cortex 
projecting  farther  ventrad  than  the  tracts  (Fig.  6) ;  their  attachment  to 
the  pyriform  lobes  lies  more  posteriorly  and  dorsally  than  in  the 
marten. 


DISCUSSION 

Although  many  points  of  difference  are  noted  above  between  the 
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cerebra  of  the  sea  otter  and  the  marten,  the  most  significant  distinc¬ 
tions  are  without  doubt  the  discrepancies  in  the  corresponding  areas 
of  the  posterior  sigmoid  and  postcruciate  gyri.  In  these  2  features,  the 
sea  otter  differs  markedly  from  all  other  Mustelidae  with  the  sole 
exception  of  the  river  otter,  and  closely  resembles  the  procyonids  and 
bears. 

Although  the  differences  and  resemblances  may  reflect  only  phylo¬ 
genetic  origins,  it  is  also  possible  that  some  of  them  have  a  functional 
basis.  No  physiological  investigations  upon  the  cerebrum  of  the  sea 
otter  have  been  reported  in  the  literature,  but  comparisons  with  the 
procyonids  and  bears,  which  have  received  such  studies,  may  be  sug¬ 
gestive  of  functional  correlations  with  structural  differences. 

The  sigmoid  gyrus  of  bears  and  the  giant  panda  (Smith,  1933b; 
Davis,  1964)  includes  that  part  of  the  region  known  by  physiologists 
as  the  motor  I  area  in  which  the  foreleg  is  somatotopically  represented. 
In  this  group  of  carnivores  this  region  lies  just  posterior  to  the  cruciate 
sulcus  and  in  the  sea  otter  approximately  corresponds  to  the  inter¬ 
mediate  sigmoid  gyrus.  Similarly  in  ursids  and  the  giant  panda,  the 
hindleg  somatotopic  representation  in  the  motor  I  area  lies  within  the 
postcruciate  gyms.  Since  in  the  sea  otter  the  corresponding  area  is 
proportionately  still  larger,  the  motor  functions  of  the  limbs  appear 
to  be  more  highly  developed,  possibly  in  correlation  with  its  swimming 
activities. 

Experimental  studies  upon  a  spectrum  of  representatives  from  the 
family  Procyonidae  (Welker  and  Campos.  1963;  Welker  et  al.7  1964) 
tend  to  confirm  and  extend  the  foregoing  suggestion.  In  all  these  spe¬ 
cies,  the  somato-sensory  motor  I  area  has  a  pattern  of  organization 
similar  to  that  of  other  mammals  and  corresponds  to  the  postcentral 
somatic  receiving  area  of  higher  primates.  Foreleg  and  hindleg  repre¬ 
sentation.  therefore,  lie  farther  posteriorly  in  the  somato-sensory  area 
explored  in  these  animals  than  they  do  in  the  corresponding  motor  I 
area  of  the  bears  and  panda  discussed  above.  The  results  suggest  that 
much  of  the  posterior  sigmoid  gyrus  receives  afferent  fibers  from  the 
foreleg  and  forepaw  in  the  procyonids  as  a  whole.  In  the  raccoon  in 
which  this  gyrus  is  greatly  enlarged  relative  to  that  of  the  other  species, 
the  increment  in  size  seems  related  to  increased  sensitivity  in  the  fore¬ 
paw,  which  is  employed  to  an  unusual  degree  by  these  animals  in  ex¬ 
ploring  their  environment  (Cole,  1912;  Whitney  and  Underwood, 
1952).  Although  behavior  of  the  sea  otters  has  been  less  thoroughly 
studied,  it  similarly  employs  the  forepaw  dextrously  in  cracking  shells 
of  mollusks  with  stones  to  obtain  food. 

The  regression  of  the  Sylvian  and  ectosylvian  gyri  into  the  pseudo- 
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sylvian  fossa  is  more  difficult  to  explain.  Davis  (1964)  proposed  that 
in  the  raccoon  and  bear  the  regression  results  from  the  expansion  of 
the  sigmoidal,  coronal,  and  postcruciate  gyri.  At  least  in  the  sea  otter, 
this  may  be  an  over-simplification,  because  the  Sylvian  and  ectosylvian 
gyri  decrease  in  size  as  they  regress  into  the  fossa,  so  some  loss  of  func¬ 
tion  may  be  associated  with  their  relocation. 

Similarly  it  is  not  feasible  at  present  to  offer  an  explanation  for  the 
partial  loss  of  the  posterior  rhinal  fissure  nor  for  the  superficial  fusion 
of  the  pyriform  lobe  with  the  temporal  area  of  the  neocortex.  However, 
it  is  of  interest  to  note  that  the  cerebra  of  bears  as  well  as  those  of  sev¬ 
eral  species  of  pinnipeds  which  have  been  examined,  show  similar 
fusion  of  these  parts. 


SUMMARY 

The  cerebrum  of  the  sea  otter  shows  distinct  evolutionary  advances 
and  is  complexly  fissured,  while  that  of  the  marten  reflects  the  more 
primitive  condition  and  has  relatively  little  fissuring.  In  the  sea  otter, 
the  anterior  arm  of  the  ectosylvian  gyrus  is  depressed  into  the  pseudo- 
sylvian  sulcus  and  is  partially  overlaid  by  the  coronal  and  the  rear  arm 
of  the  ectosylvian  gyri,  whereas  the  anterior  arm  is  entirely  exposed  in 
the  marten.  Other  distinctive  features  of  the  sea  otter  include  a  well- 
developed  ansate  fissure  that  divides  the  caudal  portion  of  the  sigmoid 
gyrus  into  2  distinct  parts,  a  marked  postcruciate  sulcus,  a  large  ursine 
lozenge,  and  a  long  cruciate  sulcus  that  curves  caudally  at  its  distal 
end,  not  cephalad  as  in  the  marten.  On  the  ventral  surface,  the  inter¬ 
rupted  postrhinal  sulcus  results  in  a  superficial  fusion  of  the  pyriform 
lobe  with  the  neopallium,  contrasting  with  the  complete  sulcus  in  the 
marten  that  fully  separates  the  pyriform  from  the  neopallium. 
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Notes  on  the  Dry  Season  Birds  of  Sinaloa 

by  THOMAS  H.  LEWIS 

Bethesda ,  Maryland 


ABSTRACT 

Observations  were  made  on  distribution  and  abundance  of  birds  in  Sinaloa,  Mexico 
during  the  summer  of  1954.  Ecological  notes  are  included. 

INTRODUCTION 

Ornithological  studies  from  the  northwest  coast  of  Mexico  have 
been  fewer  than  from  the  more  accessible  eastern  and  southern  states, 
in  part  because  of  the  difficulties  of  travel.  This  forbidding  mountain 
and  desert  terrain  has  become  less  isolated  in  recent  years  with  the 
increasing  exploitation  of  agricultural  land  and  of  mineral  and  forest 
resources  all  along  the  Pacific  slope.  With  the  opening  of  the  first  all 
weather  highway  between  Nogales,  Arizona  and  Guadalajara,  Jalisco 
(Mexico  15,  western  branch  of  the  Pan  American  Highway)  in  the 
summer  of  1954,  large  areas  of  relatively  new  tropical  and  subtropical 
country  were  opened  to  the  biologist.  The  following  observations  were 
recorded  in  the  spring  of  that  year,  prior  to  the  opening  of  the  highway, 
as  part  of  the  field  work  of  a  small  group  from  the  Museum  of  Natural 
History,  College  of  Puget  Sound. 

Since  1954  the  massive  destruction  of  a  hitherto  stable  ecology 
has  proceeded  rapidly.  Industrialized  agriculture,  irrigation  projects, 
chemical  alteration  of  the  environment  by  insecticides  and  fertilizers, 
and  a  rapidly  growing  human  population  have  brought  major  changes 
in  the  fauna.  This  record  of  field  observations  conducted  prior  to  these 
changes  is  of  increasing  interest. 

We  entered  Sinaloa  from  the  north  on  March  1 1,  1954.  After  some 
difficulty  with  rough  roads  and  unbridged  rivers  we  established  a 
camp  at  Marxnol,  some  £0  mile  north  of  Mazatlan,  explored  the  chang¬ 
ing  country  below  the  Tropic  of  Cancer,  and  entered  Nayarit.  On 
March  21  we  re-entered  Sinaloa  from  the  south  by  crossing  the  Rio 
Acaponeta  on  a  rude  ferry  constructed  of  planks  nailed  across  2  dugout 
canoes.  Moving  north  with  many  stops,  we  camped  at  a  large  artificial 
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lake  near  the  Sonoran  border  (El  Carrizo)  and  late  the  24th  crossed 
into  Sonora. 

THE  ECOLOGICAL  SETTING 

Sinaloa  has  peculiar  biologic  interest,  because  within  its  boundaries 
lies  an  important  zone  of  transition  between  the  desert  flora  of  the 
Sonoran  biotic  province,  and  the  tropical  broad-leaf  forest  and  thorn 
scrub  ascending  from  Nayarit.  Our  northern-most  station,  Rancho  El 
Carrizo  on  the  Sonoran  border,  was  set  in  flat,  fine  dirt  or  sandy  desert. 
The  Arizona-Sonora  landscape  was  dominated  by  large  tree-cacti 
(. Pachycerius  pecten-aboriginum) .  In  the  well-watered  places,  and 
along  dry  watercourses,  the  mesquite  ( Prosopis  juli flora)  formed  large 
trees.  In  drier  areas  were  palo  verde  ( Ceridium  microphyllum) , 
various  small  acacias  and  mimosas,  salt  brush  (Allenrolfia) ,  recum¬ 
bent  and  barrel  cacti,  and  chollas.  A  large  artificial  lake,  densely 
bordered  with  cattails  at  its  southern  end,  harbored  a  large  and  varied 
waterbird  population.  At  the  seepage  end  of  the  lake  was  a  “climax 
forest”  of  mesquite,  each  tree  about  20  feet  tall,  widely  spaced,  with 
interlocking  branches  forming  a  canopy  over  a  clear,  park-like  expanse 
of  dry  leaves.  Almost  every  tree  had  a  nest  of  the  rarely-collected 
Teanopus  phenax.  Many  of  the  females  had  nursing  young.  South  of 
El  Carrizo  the  desert  scrub  continued,  with  areas  of  irrigated  cane  and 
cotton  land  around  Los  Mochis  and  Culiacan.  The  aspect  of  the 
countryside  then  began  to  change.  Low  hills  appeared,  brush  covered 
and  with  occasional  exposed  rock  faces.  The  Sierra  Madre  Occidental 
approached  closer  to  the  sea,  its  abrupt  escarpments  wisible  from  the 
road.  New  acacias,  taller,  and  with  large  boat  shaped  spines  (. Acacia 
cymbispina ) ,  ceibas,  and  wild  fig  trees,  introduced  a  different  vegeta¬ 
tion.  At  latitude  23°  28'  N.,  the  Tropic  of  Cancer,  the  thorn  forest  was 
well  developed.  Low  rounded  hills  and  broad  intervening  valleys  were 
evenly  covered  with  a  dry,  gray,  lifeless-looking  brush  twenty  to  thirty 
feet  high.  Silk-cotton  trees  and  figs  (amates)  were  widely  and  irregu¬ 
larly  scattered.  The  dominant  emergent  was  the  giant,  multi-stemmed 
tree  cactus  ( Cerius ),  in  full  flower.  A  slender  jointed  cactus  similar  to 
the  northern  chollas,  a  red-leafed  yucca,  and  nopals  were  common. 
Most  of  the  thorn  trees  were  Mimosoideae,  [Acacia y  Mimosa ,  Lysi- 
loma ,  Pithecolobium ,  Ipomoea ,  (cazahuate),  and  Cassia] ,  many  of 
them  known  locally  as  “guamuchiles”.  A  few  scrubby  deciduous  broad- 
leafed  trees  were  present.  At  this  time  of  year  the  dry  season  and  the 
heat  of  spring  combine  to  suspend  plant  metabolism.  Almost  no  green 


NOTES  ON  THE  DRY  SEASON  BIRDS  OF  SINALOA 


235 


leaves  were  out.  Some  few  trees  were  in  blossom.  In  the  dry  dusty 
stems  of  this  “woodland”,  epiphytic  plants  were  conspicuous.  Tilland- 
sia  recurvatum  made  tangled  nest-like  masses,  associated  with  small 
mistletoes,  orchids,  leafless  climbing  vines,  and  strangler  figs.  The 
scrub  was  hot  and  breezeless  during  the  day,  and  very  cold  at  night. 
It  was  so  dense  as  to  be  hardly  penetrable  except  on  cattle  paths.  There 
was  evidence  of  seasonal  fires  which  must  spare  the  pitahayas  and 
larger  trees. 

Around  Mazatlan  are  great  salt  marshes,  mud  flats,  and  lagoons. 
Inland  a  low  dusty  thorn  scrub  extends  toward  the  Sierra  Madre. 
Southward  the  country  continued  very  dry,  with  stock  raising,  a  few 
milpas  of  corn,  and  small  groves  of  banana  and  papaya.  Broad  tideflats 
and  mangrove  swamps  ( Rhizospora  mangle)  force  the  highway  10  to 
30  miles  in  from  the  ocean.  At  Villa  Union  a  palmetto  began  to  replace 
the  giant  cactus.  Abrupt  hills  with  granite  cores,  and  more  deciduous 
trees  appeared.  The  forest  was  denser  and  of  increasing  stature.  The 
Rio  Acaponeta  marked  the  southern  border  of  the  state.  The  Rios 
Fuerte,  Badiraguato,  San  Lorenzo,  Piaxtla,  Presidio,  and  Rosario,  cross¬ 
ing  the  state  from  east  to  west,  were  similar  in  the  primitiveness  of 
their  crossing  facilities.  At  worst  they  were  eventually  fordable.  Some 
had  rude  bridges  with  high,  bolt-studded  centers,  destructive  of  the 
belly  structures  of  an  automobile.  The  best  were  one-car  ferries, 
maneuvered  slowly  along  an  erratic  channel  by  man-power.  Elegant 
modern  bridges  were  under  construction.  In  March,  long  before  the 
rains  of  June,  the  rivers  were  reduced  to  shallow  currents  or  green 
stagnating  pools  almost  lost  in  wide,  sandy,  willow-grown  bottoms. 
The  banks  were  often  precipitous  cliffs  of  bedded  alluvial  clays  and 
gravels. 

In  addition  to  the  usual  observation  methods,  a  30X  telescope 
equipped  with  a  tripod  mount  was  used.  This  instrument  had  many 
advantages.  From  one  permanent  station  a  wide  area  could  be  covered 
with  little  or  no  alteration  of  the  behavior  of  the  birds.  Smaller  and 
shyer  species  were  easily  included.  With  the  addition  of  a  6X  binocu¬ 
lar,  one  observation  station  was  often  used  for  several  hours  or  days. 
We  examined,  when  possible,  bags  of  hunters  afield  and  in  the  markets 
but  otherwise  no  specimens  were  taken  for  skin  preparation.  In  the 
following  list  the  local  name  is  given  in  parentheses  and,  since  the 
notes  were  made  in  the  period  of  March  11  to  March  24,  dates  are 
largely  omitted  with  the  exception  of  a  few  entries  from  a  field  note¬ 
book  of  June  1950. 
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ANNOTATED  LIST 

Colymbus  dominicus  Least  grebe 

Several  individuals  were  seen  on  a  lake  at  El  Carrizo  in  northern 
Sinaloa. 

Podilymbus  podiceps  Pied-billed  grebe 

One  specimen  was  seen  at  El  Carrizo. 

Pelecanus  erythrorhynchus  American  white  pelican 

About  30  pelicans  were  in  residence  at  El  Carrizo. 

Pelecanus  occidentalis  calif ornicus  Brown  pelican 

Common  on  the  beaches  of  Mazatlan. 

Phalacrocorax  olivaceus  Olivaceous  cormorant 

At  Mazatlan  (along  the  beaches),  at  El  Carrizo  (fresh  water),  and 
on  the  rivers  in  small  groups  or  as  single  birds. 

Fregata  magnificens  rothchildi  Frigate  bird 

Hundreds  could  be  counted  at  any  day  at  Mazatlan  in  either  March 
or  June. 

Ardea  herodias  treganzae  Great  blue  heron 

Frequently  encountered  at  Mazatlan,  and  present  in  hundreds  in 
the  lagoons  north  of  the  city.  “Garza”  is  a  generic  term  for  all  herons. 
Florida  caerulea  caerulea  Little  blue  heron 

Common  at  Mazatlan. 

Casmerodius  albus  egretta  American  egret 

Hundreds  were  seen  in  the  tidal  flats  at  Mazatlan.  On  the  Rio  Aca- 
poneta,  and  often  at  roadside  rain  pools,  they  were  seen  as  single  birds 
or  pairs. 

Leucophoyx  thula  Snowy  egret 

Common  at  El  Carrizo  and  Mazatlan. 

Hydranassa  tricolor  rufficollis  Tricolored  heron 

Observed  daily  at  Mazatlan. 

Nycticorax  nycticorax  hoactli  Black-crowned  night  heron 

Four  birds  were  noted  at  Mazatlan.  heron 

Cochlearius  cochlearius  zeldoni  Boat-billed  heron 

Mazatlan,  2  specimens. 

Plegadis  falcinellus  mexicana  Glossy  ibis 

Two  specimens  were  seen  on  a  small  pond  north  of  the  Rio  Aca- 
poneta. 

Eudocimus  albus  White  ibis 

Coastal  lagoons  generally.  Commonly  seen  at  Mazatlan  in  flocks  of 
15  to  30  birds. 

Ajaia  ajaja  Roseate  spoonbill 

Great  flocks  of  the  “garza  rosa”  or  “espatula”  were  seen  on  the  salt 
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lagoons  at  Mazatlan.  These  flocks,  feeding  on  a  mud  bank,  or  flying  to 
their  roosting  areas  at  sunset,  constitute  one  of  the  most  memorable 
sights  of  the  American  tropics. 

Cairina  moschata  Muscovy  duck 

Several  pair  were  seen  on  the  Rio  del  Presidio  on  March  14,  1954. 
Anas  strepera  Gadwall 

(questionable) 


Anas  crecca  carolinensis 
Anas  acuta  tzitzihao 
Mareca  americana 
Spatula  clypeata 
Aythya  valisineria 
Aythya  americana 
Aythya  collaris 
Aythya  affinis 
Bucephala  alheola 
Oxyura  dominica 
Oxyura  jamaicensis  ruhida 


Common  teal 
Pintail 
American  widgeon 
Northern  shoveller 
Canvasback 
Redhead 
Ring-necked  duck 
Lesser  scaup 
Bufflehead 
Masked  duck 
Ruddy  duck 


All  the  above  listed  upatos”  were  found  at  El  Carrizo  in  a  large  arti¬ 
ficial  lake.  Pintail,  shovellers,  redheads,  and  ring-necks  were  present 
in  flocks  of  many  thousands. 

Anas  cyanoptera  septentrionalium  Cinnamon  teal 

One  specimen  was  recorded  on  March  21,  1954  on  a  stagnant  pool 
beside  the  Rio  Acaponeta. 

Coragyps  atratus  Black  vulture 

Cathartes  aura  Turkey  vulture 

(Buitres,  auras,  zopilotes) 

Both  vultures  were  common  throughout  the  state,  and  were  seen 
daily. 

Buteo  jamaicensis  Red-tailed  hawk  (halcon) 

Buteo  nitidus  Grey  hawk 

An  adult  specimen  was  noted  in  a  wooded  area  north  of  Mazatlan, 
June  10,  1950. 

Parabuteo  unicinctus  Bay-winged  hawk  (halcon) 

Several  individuals  were  seen  hunting  through  the  tree-sized  mes- 
quite  at  El  Carrizo.  They  often  sat  apathetically  for  long  periods  on 
low  bushes,  without  the  aggressive  watchfulness  of  most  hawks. 

Circus  cyaneus  hudsonius  Marsh  hawk  (halcon) 

Common  throughout  the  state,  and  recorded  several  times  each  day. 
Caracara  cheriway  Caracara 

Common  throughout  the  state.  This  bird  is  often  to  be  seen  with 
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flocks  of  vultures,  or  wandering  on  foot  along  the  river  bottoms  scaven¬ 
ging  small  fish.  They  also  feed  on  road-killed  mammals  and  iguanas. 
Falco  sparverius  Sparrowhawk 

Many  of  these  small  hawks  were  seen  in  the  thorn  forest  at  Marmol. 
They  were  common  also  around  the  edges  of  the  city  of  Mazatlan. 
Ortalis  wagleri  Cachalaca 

One  adult  was  observed  in  dense  brush  3  miles  north  of  Mazatlan, 
June  9,  1950. 

Callipepla  squamata  Scaled  quail  (perdiz) 

Several  small  flocks  were  found  in  the  thorn  forest  around  Mazatlan 
March  13  and  14,  1954. 

Lophortyx  douglasii  Elegant  quail  (perdiz) 

A  flock  of  about  15  birds  were  flushed  in  the  low  hills  near  Marmol. 
A  few  single  birds  were  seen. 

Porzana  Carolina  Sora  rail  (gallaneta) 

One  specimen  was  seen  at  dusk  in  the  tules  at  El  Carrizo  on  March 
23,  1954. 

Fulicia  americana  americana  Coot  (patito) 

A  common  bird  at  El  Carrizo. 

Charadrius  alexandrinus  Snowy  plover 

One  note  on  March  22,  1954  was  made  while  surveying  the  popula¬ 
tion  of  a  brackish  lagoon  near  Mazatlan. 

Charadrius  collaris  Collared  plover 

Several  birds  were  seen  at  El  Carrizo. 

Charadrius  vociferus  vociferus  Killdeer 

Common  at  El  Carrizo. 

Bartramia  longicauda  Upland  plover 

Small  flocks  were  seen  at  El  Carrizo. 

Numenius  phaeopus  hudsonicus  Whimbrel 

This  bird,  and  several  other  sandpiper  are  snipe-like  birds,  is  called 
“zancuda.”  It  is  common  on  the  ocean  beaches  at  Mazatlan. 

Numenius  americanus  Long-billed  curlew 

Occasional  solitary  birds  were  found  at  Mazatlan,  either  singly  or 
in  mixed  flocks  of  feeding  shore-birds. 

Heteroscleus  incanus  Wandering  tattler 

At  Villa  Union,  on  the  sandy  bottom  of  the  Rio  Del  Presidio,  we 
saw  several  of  this  species  feeding  along  the  edges  of  fresh-water  pools. 
Arenaria  interpres  Ruddy  turnstone 

Ocean  beaches  of  Mazatlan,  in  small  groups  or  pairs. 

Limosa  fedoa  Marbled  godwit 

El  Carrizo,  3  specimens  in  a  group. 

Capella  gallinago  delicata  Wilson  snipe 
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Pairs  or  single  birds  were  noted  almost  hourly  throughout  the  day  of 
March  23  and  24,  1954. 

Himantopus  mexicanus  Black-necked  stilt 

One  or  more  pairs  were  seen  in  almost  every  roadside  rain-pond 
throughout  the  state. 

Recurvirostra  americana  Avocet 

“Avocetas”  were  very  commonly  seen  in  roadside  pools  and  at  the 
lake  at  El  Carrizo. 

Zenaida  asiatica  White-winged  dove 

(paloma  ala  blanca) 

Seen  at  Marmol  in  small  flocks  on  March  13  and  14, 1954. 

Geotrygon  montana  montana  Ruddy  quail  dove 

Seen  at  Marmol,  Mazatlan,  and  wherever  the  thorn  scrub  was 
found.  In  this  season  the  flocks  contained  8  to  20  birds. 

Zenaidura  macroura  Mourning  dove 

Noted  daily  in  fields  and  fence  rows  at  Culiacan  and  Marmol. 
Aratinga  canicularis  Orange-fronted  parakeet 

(periquico) 

These  long-tailed  parrots  traveled  in  groups  of  6  or  8  often  in  the 
company  of  the  larger  white-fronted  parrot.  They  were  recorded  in 
our  field  notes  at  Marmol  and  Mazatlan. 

Forpus  cyanopygius  Blue-rumped  parrotlet 

A  sleeping  roadside  vendor  at  Villa  Union  had  many  wooden  cages 
of  these  small  parrots.  They  are  common  household  pets  as  far  north 
as  Guaymas,  and  are  called  “cartagenas.” 

Amazona  albifrons  White-fronted  parrot 

(perico,  loro) 

We  encountered  these  birds  first  at  Marmol.  They  were  feeding  in 
small  trees,  and  could  be  approached  closely  by  car,  but  were  exceed¬ 
ingly  wary  of  a  person  on  foot.  Each  dusk  many  screeching  pairs  flew 
over  camp  toward  the  beaches  about  5  miles  to  the  west.  Their  flight 
was  strong,  rapid,  direct,  and  at  an  elevation  up  to  several  hundred 
feet.  Before  sunup  they  returned,  flying  inland  in  loose  flocks  but  in 
closely  matched  pairs,  screaming  and  gurgling  in  what  seems  a  quite 
unnecessary  racket.  Sometimes  Aratinga  canicularis  forms  a  part  of 
the  flocks.  By  sunrise  both  genera  were  busy  feeding  on  the  flowers 
and  unripe  fruits  of  the  tree  cacti,  with  the  feathers  of  the  face,  fore¬ 
head,  and  breast  wet  and  sticky  from  the  juice.  They  wasted  more 
than  they  consumed,  and  threatened  noisily  the  magpie  jays  and  pale¬ 
billed  woodpeckers  who  also  drank  from  the  cactus  blossoms. 

An  occasional  isolated  pair  were  seen  later  near  Culican,  and  a  flock 
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of  5  non-paired  individuals  at  El  Carrizo  March  23.  Unfeathered 
nestlings  were  on  sale  in  the  Mazatlan  market  on  June  10,  1950. 
Amazona  finschi  Lilac-crowned  parrot 

One  was  noted  on  14  March  1954,  10  miles  north  of  Mazatlan. 
Geococcyx  calif or nianus  Greater  road-runner 

One  individual  was  seen  crossing  the  highway  near  Culiacan  (in 
heavy  thorn  brush)  on  March  11, 1954. 

Glaucidium  brasilianum  Ferruginous  pigmy  owl  (lechuza) 

This  little  owl  was  often  located  with  the  SOX  telescope,  as  it  slept  in 
high  trees,  or  on  the  giant  pitahaya  cacti.  It  was  seen  at  Marmol,  near 
Escuinapa,  and  a  few  miles  south  of  Culiacan. 

Chordeiles  Nighthawk 

Seen  at  various  locations  in  the  state. 

Cypseloides  niger  Black  swift 

Noted  at  Culiacan  and  Marmol  at  dusk  on  March  1 1  and  12. 
Phloeceastes  guatemalensis  Pale  billed  woodpecker 

(pico  de  marfil) 

This  “carpintero”  has  the  habit  of  drinking  at  dawn  from  the  pita- 
hya  blossoms.  It  was  common,  conspicuous,  and  appeared  in  the  field 
notes  more  frequently  than  any  other  bird  during  observation  in  thorn 
forest  habitats. 

Dendrocopus  scalaris  Ladder-backed  woodpecker 

Noted  several  times  each  day  at  Marmol  in  larger  trees  or  on  giant 
cactus. 

Drycopus  lineatus  Lineated  woodpecker 

Very  common  at  Culiacan  and  Marmol,  in  the  larger  trees.  Despite 
the  marked  differences  between  this  species  and  Phloeceastes  guate¬ 
malensis  as  the  skins  are  held  in  the  hand,  it  is  more  difficult  to  distin¬ 
guish  the  birds  in  the  field.  Both  are  large,  boldly  patterned  and 
brightly  colored,  but  the  distinguishing  marks  often  require  a  careful 
“second  glance”. 

Centurus  hypopolius  Grey-breasted  woodpecker 

Common  in  the  desert  at  El  Carrizo  and  in  the  thorn  forest  at 
Marmol.  In  both  places  it  favored  the  giant  cactus. 

Centurus  chrysogenys  Golden  cheeked  woodpecker 

At  Marmol  in  the  open  savannahs.  This  bird  was  infrequent. 
Colaptes  chrysoides  Gilded  flicker 

At  Marmol  in  a  strip  of  fairly  heavy  timber.  Infrequent. 
Sphyrapicus  thyroideus  Williamson  sapsucker 

One  record  north  of  Mazatlan,  June  10,  1950. 

Lepidocolaptes  leucogaster  White-striped  woodcreeper 
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Several  specimens  were  noted  in  the  groups  of  larger  deciduous  trees 
at  Marmol. 

Pyrocephalus  ruhinus  flammeus  Vermilion  flycatcher 

At  Mochis,  at  Mochicahui  (in  the  brush  along  the  Rio  Ruerte),  and 
at  El  Carrizo.  This  fiery-colored  flycatcher  has  soft,  fluffy-appearing 
plumage  and  a  confiding  air.  It  may  carry  on  its  hunting  within  a  few 
feet  of  an  observer.  It  was  seen  on  the  fences  of  cultivated  fields,  in 
heavy  woods,  and  in  the  desert.  At  El  Carrizo  2  males  observed  over  a 
40-hour  period  followed  a  “route”,  a  series  of  regularly  used  perches, 
using  each  for  a  variable  period,  eventually  coming  full  circle  to  the 
original  starting  place  and  often  literally  to  the  same  twig.  One  male 
used  an  area  roughly  300  feet  in  diameter,  and  in  which  he  was  always 
visible.  This  area  involved  differing  terrain  and  presumably  differing 
foods.  Over  a  small  pond  he  took  insects  caught  in  the  surface  film  of 
the  water,  returning  each  time  to  a  dead  snag  about  3*4  feet  above  the 
surface.  This  perch  seemed  the  favored  one,  as  indicated  by  the  length 
of  visit.  Tiring,  (not  because  of  the  lack  of  insects  but  perhaps  because 
of  the  selection)  he  moved  on  to  other  over-water  or  pool-edge  roosts, 
then  to  several  in  the  mesquite,  and  finally  to  the  desert  edge.  In  the 
latter  areas  a  purely  aerial  prey  was  encountered. 

Tyr annus  melancholius  Tropical  kingbird 

(justo  juez,  avispero) 

Two  notations  from  the  thorn  scrub  at  Marmol  refer  to  this  species. 
Tyr  annus  vociferans  Cassin  kingbird 

(papamosca,  mosquero) 
The  commonest  of  the  flycatchers  at  Marmol. 

Tyrannus  ( verticalis ?)  Western  kingbird 

Marmol.  Identification  uncertain. 

Empidonax  (mosquero) 

El  Carrizo,  Marmol. 

Pitangus  sulphur atus  Great  kiskadee  (avispero) 

A  common  and  conspicuous  bird,  noted  from  almost  every  obser¬ 
vation  station.  Some  birds  listed  under  the  species  may  well  have  been 
confused  at  first  with  boat-billed  flycatchers,  Megarhynchus  pitangua. 
Stelgidopteryx  rufficolis  Rough-winged  swallow 

Seen  along  the  Rio  Radiraguato  in  the  city  of  Culiacan  on  March  12, 
1954.  The  species  was  also  noted  on  the  beaches  at  Mazatlan  on  June  8, 
1950. 

Iridoprocne  alhilinea  Mangrove  swallow 

Small  groups  of  these  birds  at  El  Carrizo  confined  themselves  to  the 
immediate  vicinity  of  die  lake.  They  hunted  over  the  water,  or  rested 
on  projecting  snags. 
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Broad-billed  hummingbird 
(chumpamirto) 

Noted  in  the  forest  of  Mazatlan,  June  8, 1950. 

Corax  corax  sinuatus  Common  raven 

A  roadside  scavenger  noted  daily  with  caracaras  and  vultures,  and 
seen  in  the  thorn  scrub  at  Culiacan  and  Marmol. 

Corvus  ossifagus  imparatus  Fish  crow 

Culiacan  (along  the  river)  and  on  the  beaches  at  Mazatlan,  always 
in  small  flocks. 

Calocitta  formosa  Magpie  jay 

Noted  from  the  vicinity  of  Culiacan  and  Mazatlan,  from  Marmol, 
and  in  the  country  south  of  Escuinapa.  These  spectacularly  crested 
and  tailed  birds  travel  sinuously  and  noisily  through  the  higher  trees, 
avoiding  the  observer  by  sudden  silence  and  increased  pace.  There  are 
seldom  less  than  4  or  5,  or  more  than  8  in  a  flock.  The  race  or  races  in 
Sinaloa  have  a  broad  black  bib  on  the  throat. 

Like  many  other  birds,  notably  the  parrots,  woodpeckers,  caciques, 
and  orioles,  this  species  starts  the  morning  by  flying  from  one  tall 
cactus  to  another  to  drink  from  the  inflorescenses  the  mixture  of  dew, 
sap,  and  insects  they  find  there.  They  drive  away  the  great  lineated 
woodpecker,  and  the  white-fronted  parrots,  and  give  way  only  to  larger 
or  more  insistent  flocks  of  their  own  kind. 

Parus  sclateri  Grey-sided  chickadee 

(chivito) 

Marmol.  One  record  from  Marmol  on  March  13, 1954. 

Psaltiparus  minimus  Bush  tit  (sastre) 

A  group  of  these  small  birds  were  seen  at  Marmol.  They  are  con¬ 
sidered  to  be  commonly  a  foothill  or  mountain  form. 

Auriparus  flaviceps  Verdin  (verdin  gusanero) 

At  Marmol  and  Mazatlan,  in  broad-leaf  trees,  or  along  densely  over¬ 
grown  fence  lines.  The  only  nests  seen  were  in  heavily  thorned  species 
of  trees. 

Telmatodytes  palustris  Marsh  wren 

El  Carrizo.  The  reason  for  the  local  name  “saltapared”  is  certainly 
obscure,  and  probably  more  properly  applies  to  some  other  bird. 
Campylorhynchus  brunneicapillus  Cactus  wren 

At  El  Carrizo  in  the  open  desert. 

Mimus  polyglottos  leucopterus  Mockingbird 

Suburbs  of  Culiacan,  and  along  the  wooded  river  banks  of  the 
Badiraguato. 

T  oxostoma  dor  sale  Crissal  thrasher 

At  El  Carrizo  in  the  open  desert,  March  24, 1 954. 
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Regulus  calendula  Ruby  crowned  kinglet 

(reyezuelo) 

Seen  at  Marmol  in  a  flock  of  bush  tits. 

Lanius  ludovicianus  Loggerhead  shrike 

Culiacan,  Marmol,  Mazatlan,  and  El  Carrizo.  A  common  bird  in 
the  dry  thorn  scrub  and  in  the  desert. 

Vireo  olivaceus  Red-eyed  vireo 

Marmol.  Several  solitary  individuals  were  found  in  dense  thorn 
scrub  at  Marmol. 

Passer  domesticus  domesticus  English  sparrow 

Common  in  towns  and  in  ranch  yards,  statewide. 

Cassiculus  melanicterus  Yellow-winged  cacique 

The  Mexican  cacique,  bright  yellow  and  black,  crested,  noisy  as  a 
jay  and  as  vigorous,  probably  could  not  be  missed  by  any  camper  in 
Sinaloa.  Its  loud  yells  in  the  morning  are  only  slightly  less  ear-rending 
than  the  parrot’s  racket.  The  caciques  travel  in  groups  of  2  or  4,  and 
make  colonies  of  pendulant  nests  high  in  ceiba  or  fig  trees. 

Cassadix  mexicanus  Boat-tailed  grackle  (tordo) 

Common  in  the  streets  and  plazas  of  all  the  towns  and  in  ranchyards 
and  corrals,  often  in  the  company  of  Brewer’s  blackbird. 

Euphagus  cyanocephalus  Brewer  blackbird  (tordo) 

Large  flocks  were  seen  at  Culiacan  in  the  trees  along  the  river,  and 
in  the  brushy  river  bottoms. 

Icterus  bullocki  Bullock  oriole 

Several  apparently  non-breeding  adults  were  found  in  the  willow- 
tamarisk  association  along  the  Rio  Badiraguato  at  Culiacan  on  March 
12,1954. 

Icterus  cucullatus  Hooded  oriole 

Common  in  the  ceiba  forest  at  Marmol. 

Zonotrichia  leucophrys  White  crowned  sparrow 

At  El  Carrizo  in  small  flocks  in  mesquite  areas. 

Richmondena  cardinalis  Cardinal 

One  record  at  El  Carrizo  on  March  24, 1954. 

Aimophila  ruficeps  Rufous-crowned  sparrow 

At  El  Carrizo  it  is  a  wary  resident  in  heavy  brush  along  the  water 
edge.  It  is  very  difficult  to  observe. 

Carpodacus  mexicanus  House  finch 

At  Culiacan,  in  flocks  around  ranch  buildings. 
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Fine  Structure  of  the  Ray  Parenchyma  Cells  in 
Populus  tremuloides  in  Relation  to  Senescence 
and  Seasonal  Changes 

by  A.  J.  MIA1 

Department  of  Biology, 

Bishop  College,  Dallas  75241 


ABSTRACT 

Changes  in  the  subcellular  organization  of  xylem  ray  cells,  beginning  during 
differentiation  from  the  vascular  cambium  and  ending  with  their  postmortem  con¬ 
dition  in  the  heartwood,  has  been  investigated  primarily  by  electron  microscope 
techniques.  The  ray  initials  contain  dense  cytoplasm,  large  centrally-located  round 
nuclei,  few  plastids,  mitochondria,  and  droplets  of  scattered  fat  bodies.  Immediately 
inner  to  the  vascular  cambium,  a  newly-elongated  cell  contains  small  vacuoles  and 
a  dense  cytoplasm  which  contains  enlarged  plastids  and  mitochondria,  and  well- 
distributed  ribosomes.  In  the  outer  sapwood,  the  ray  cells  display  cytoplasm  com¬ 
posed  of  profiles  of  rough  ER,  golgi  bodies,  polysomes  and  elongated  nuclei;  whereas 
in  the  inner  sapwood  they  contain  plastids  with  well-defined  grana,  enlarged  mito¬ 
chondria,  and  many  vesicles  appearing  predominantly  at  the  interface  between  the 
cell  wall  and  the  plasmalemma.  Ray  cells  in  the  transition  region  between  the  sap- 
wood  and  heartwood  show  signs  of  disintegration  of  the  protoplast,  nucleus,  mem¬ 
brane  systems  including  rough  ER,  plasmalemma,  tonoplast,  golgi  bodies,  and  the 
plastids.  There  is  apparent  deposition  of  fat  bodies  in  the  cytoplasm  and  phenolic 
substances  in  the  vacuoles  of  these  cells.  The  heartwood  possesses  ray  cells  which 
contain  extremely  electron  dense  substances  which  are  likely  to  be  mixture  of  fats 
and  phenolic  substances. 

Seasonal  changes  have  an  apparent  effect  on  the  cytoplasmic  composiiton  of  outer 
ray  cells.  In  the  spring,  the  cytoplasm  of  these  cells  contains  a  dense  nucleus,  pro¬ 
liferated  rough  ER,  abundant  ribosomes,  mitochondria,  golgi  bodies,  plastids  and 
numerous  vesicles,  and  little  fat  and  phenolic  substances.  In  the  fall,  the  cytoplasm 
appears  crowded  with  globular  fat  bodies  and  the  vacuoles  are  filled  with  abundant 
phenolic  substances.  In  winter,  the  cells  become  dormant  and  their  organelles  such 
as  plastids,  motochondria,  and  ER  are  not  clearly  discernible.  The  nuclei  retain 
usual  electron  density. 


1  This  work  was  carried  out  by  the  author  as  a  Research  Scientist  with  Canada 
Department  of  Fisheries  and  Forestry,  Forest  Products  Laboratory,  Ottawa,  Ontario, 
Canada. 

Accepted  for  publication:  Sept.  22,  1971. 
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INTRODUCTION 

The  xylem  ray  parenchyma  cells  in  trees  may  be  as  important  as 
their  phloem  counterparts  for  their  roles  in  tree  physiology.  These  cells 
act  as  areas  of  storage,  chemical  conversion  of  metabolites,  and  excre¬ 
tion,  and  possibly  in  heartwood  formation.  Wood  anatomists  frequent¬ 
ly  use  these  cells  as  a  guide  to  species  identification  due  to  their  char¬ 
acteristic  horizontal  distribution.  From  a  technological  view  point,  the 
ray  cells  are  known  to  influence  the  pulping  and  physical  properties  of 
wood. 

Several  studies  have  been  made  using  light  microscope  techniques 
to  gain  information  on  the  changes  in  cytological  features  and  in  cyto- 
chemical  composition  of  ray  cells  accompanying  heartwood  formation. 
Frey-Wyssling  and  Bosshard  (1959)  reported  that  heartwood  forma¬ 
tion  was  accompanied  by  ultimate  death  of  ray  cells  due  to  gradual 
disintegration  of  the  nuclei  and  mitochondria.  Cytochemical  and  bio¬ 
chemical  investigations  on  several  softwood  and  hardwood  species 
(Fukazawa  and  Higuchi,  1966;  Higuchi  and  Fukazawa,  1966;  Hi- 
guchi  and  Nakashima,  1964;  Higuchi  and  Shimada,  1967)  gave  strong 
indications  that  senescence  of  ray  cells  accompanying  heartwood  for¬ 
mation  progressed  with  a  gradual  loss  of  nitrogen,  phenylalanine  de¬ 
aminase,  oxygen  uptake,  and  RNA.  During  this  process,  the  level  of 
DNA  in  the  cells  remained  nearly  constant  (Fukazawa  and  Higuchi, 
1965). 

The  cytological  and  cytochemical  studies  of  ray  cells  under  the  light 
microscope  have  not  been  adequately  complemented  by  ultrastructur- 
al  studies  (Czaninski,  1968;  Fengel,  1966;  Nobuchi  and  Harada, 
1968).  In  an  attempt  to  remedy  this  deficiency,  a  study  has  been  con¬ 
ducted  on  trembling  aspen,  Populus  tremuloides  Michx.,  an  important 
and  widely  distributed  species  of  hardwood.  This  species  was  studied 
previously  with  reference  to  anatomy,  fine  structure,  and  physical  and 
chemical  properties  of  wood  (Kennedy,  1968;  Mia,  1968) . 

MATERIALS  AND  METHODS 

Stem  samples  containing  tissues  of  cambium,  sapwood,  sapwood- 
heartwood  transition  region,  and  heartwood  were  collected  from  a  disc 
of  a  1 7-year-old  tree  using  a  dissecting  microscope.  Other  tissue  sam¬ 
ples  containing  either  cambium  and  sapwood  or  heartwood  were  ob¬ 
tained  from  stems  and  branches  of  2  to  15-year-old  plants.  Tissue 
samples  were  collected  each  month  between  May  and  November,  and 
in  January  and  February  over  a  period  of  4  years  to  account  for  effects 
of  seasonal  changes  on  composition  of  cytoplasm. 
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For  light  microscope  observations,  tissues  fixed  separately  in  either 
FA  A  or  Graf  III  were  dehydrated  in  a  graded  series  of  tertiary  butyl 
alcohol  prior  to  embedding  in  tissuemat.  Serial  sections  ranging  in 
thickness  between  10  and  15  microns,  were  cut  on  a  rotary  microtome 
with  a  conventional  microtome  knife  and  were  stained  with  safranin 
and  fast  green.  For  determining  the  presence  of  proteins,  fats,  and 
starch  grains  in  ray  cells,  free-hand  sections  were  cut  from  green  plant 
tissues  and  used  immediately  for  histochemical  tests.  For  determining 
the  presence  of  acid  and  basic  proteins,  tests  were  run  using  fast  green 
stain  at  pH2  and  pH8  respectively  (Jensen,  1962).  For  testing  fats, 
sections  were  treated  in  a  saturated  solution  of  Sudan  III  made  in  hot 
70%  ethyl  alcohol  The  presence  of  starch  grains  was  detected  by 
iodine-potassium  iodide  tests.  Tests  for  polyphenolic  substances  were 
made  using  the  method  of  Gagnon  (1967),  and  on  thin  sections  (epon 
embedded  materials)  using  toluidine  blue  O  which  produced  a  blue 
color  for  these  substances  in  contrast  to  a  purple  color  for  fats. 

For  electron  microscope  studies  tissue  samples  were  fixed  in  cold 
(4°C)  1.3%  glutaraldehyde  in  phosphate  buffer  at  pH7,1  with  postfix¬ 
ation  in  1%  osmium  tetraoxide  (4°C)  prior  to  dehydration  in  propy¬ 
lene  oxide  and  embedding  in  a  mixture  of  epon  araldite.  Similar  tissue 
samples  were  also  fixed  in  1%  unbuffered  potassium  permanganate 
solution  for  embedding  in  epon  and  araldite  mixture  (Mia,  1968). 
Ultrathin  sections,  cut  with  diamond  knives,  were  mounted  on  form- 
var-carbon-coated  copper  grids.  The  sections  were  subsequently 
stained  with  uranyl  acetate  and  lead  citrate  for  cytological  studies  in 
the  electron  microscope. 

OBSERVATIONS  AND  DISCUSSION 

Ray  Initials 

The  vascular  cambium,  undergoing  active  cell  division  in  mid-June, 
usually  displays  4  to  6  ray  cells  in  the  radial  direction.  In  the  quiescent 
cambium,  the  number  of  these  cells  is  reduced  to  2  or  3.  The  uni- 
seriate  ray  initials,  having  thin  primary  walls,  were  often  observed  to 
undergo  periclinal  cell  divisions.  Figure  1  shows  4  cells  which  have 
been  produced  by  the  recent  division  of  2  ray  initials,  as  indicated  by 
the  presence  of  relatively  thin  tangential  walls  (arrows)  between  each 
pair  of  cells. 

In  cross-section,  a  ray  initial  is  distinguishable  by  its  rectangular 
form,  a  large  centrally-located  nucleus,  several  plastids  and  small 
vacuoles  compared  to  highly- vacuolated  fusiform  cambial  cell  (Fig.  1 ) . 
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F,  fusiform  cambial  cell;  Er,  endoplasmic  reticulum;  Ft,  fat  body;  G,  golgi  body;  M, 
mitochondrion;  Mt,  microtubule;  Mv,  multivesicular  body;  N,  nucleus;  P,  plastid;  PI,  Plas- 
malemma;  Ps,  phenolic  substances;  R,  ray  initial;  S,  starch  grain;  T,  tonoplast;  Ts,  tylosis; 
V,  vacuole;  Vs,  vesicle;  W,  cell  wall. 
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The  cytoplasm  of  ray  initial  is  composed  of  ribosomes,  golgi  bodies, 
and  mitochondria.  A  few  droplets  of  fat  bodies  and  rough  ER  also 
occur.  The  plastids  display  various  forms  ranging  from  round  to  elon¬ 
gated.  The  grana  are  usually  compact  and  electron  dense.  The  nuclear 
membranes  and  plasmalemma  appear  well-defined  compared  to  the 
tonoplast  that  is  not  clearly  discernable. 

Differentiation  of  Ray  Cells 

The  derivatives  of  ray  initials  during  their  first  phase  of  differenti¬ 
ation  undergo  rapid  radial  cell  wall  expansion  to  form  morphologic- 
ally-recognizable  ray  cell  (Fig.  2).  The  young  ray  cells  contain  dense 
cytoplasm  usually  filled  with  ribosomes  and  ER  studded  with  ribo¬ 
somes.  The  small  vacuoles  as  well  as  the  plastids  appear  scattered  in 
the  cell  cytoplasm.  Few  mitochondria  and  droplets  of  lipids  occur.  At 
this  stage  of  cell  differentiation,  the  plastids  enlarge  considerably  and 
display  more  electron  density  compared  to  the  rest  of  the  cell  com¬ 
ponents  (Figs.  2,  3).  After  the  initial  phase  of  cellular  differentiation, 
the  wall  expansion  in  ray  cells  slows  down  considerably  but  the  in¬ 
crease  and  proliferation  of  cytoplasm,  plastids,  rough  ER,  ribosomes, 
and  other  cell  organelles  continues.  The  sharp  increase  in  ribosomes 
and  rough  ER  is  an  indication  of  increased  synthesis  of  RNA  and  con¬ 
sequently  the  total  proteins,  which  are  utilized  in  making  various 
enzymes  essential  for  cellular  metabolism.  Indeed  the  presence  of 
increased  RNA  in  the  outer  sapwood  in  several  species  of  conifers  was 
reported  by  Higuchi  and  Shimada  (1967).  Nobuchi  and  Harada 
(1968)  also  reported  that  in  Cryptomeria  japonica  there  is  a  marked 
increase  in  ribosomes  in  the  ray  cells  of  outer  sapwood. 

Ray  Cells  in  Sapwood 

The  xylem  region  in  the  stem  samples  used  in  this  study  may  arbi¬ 
trarily  be  defined  as  the  sapwood  between  the  2-year  and  10-year-old 
growth  rings  inner  to  the  cambial  cylinder.  The  most  spectacular 


EXPLANATION  OF  FIGURES 

Fig  1.  Recent  division  of  2  ray  initials  showing  formation  of  4  ray  cells  shown  in  cross- 
section.  X4,900. 

Fig.  2.  Expanded  ray  cell  immediately  inner  to  cambial  cylinder.  X5,700. 

Fig.  3,  Young  ray  cell  showing  elongated  plastids.  X8,500. 

Fig.  4.  Young  ray  cell  showing  rough  ER  and  mitochondria.  X6,000. 

Fig.  5.  Tylosis  bud  with  nucleus,  fat  bodies  and  plastids.  X6,000. 

Fig.  6.  Ray  cell  in  sapwood  showing  fat  bodies,  plasmadesma'a  and  mitochondria. 
X2,400. 

Fig.  7.  Elongated  nucleus  in  a  ray  cell  in  sapwood.  XI, 800. 
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changes  in  the  cytoplasmic  organelles  in  ray  cells  occur  during  cellular 
maturation.  At  this  stage,  especially  in  the  outer  sapwood,  the  ray  cells 
contain  large  profiles  of  ER,  usually  studded  with  numerous  ribosomes 
(Fig.  4).  In  these  cells,  one  also  often  encounters  mitochondria  and 
large  fat  bodies  which  are  usually  globular  or  elliptical  (Figs.  4,  5). 
The  plastids  have  enlarged  considerably  and  appeared  to  be  packed 
with  thyllacoid  membranes,  which  will  eventually  form  the  grana 
(Fig.  5).  The  nucleus,  containing  little  scattered  dense  chromatin,  is 
elongated  in  shape  in  contrast  to  the  round  nucleus  in  the  ray  initial. 
Although  the  cell  walls  in  these  cells  appear  to  be  relatively  thin,  there 
is  evidence  of  secondary  wall  deposition  and  formation  of  a  protective 
layer  on  the  pit  membrane  between  the  ray  cell  and  the  vessel  element 
(Figs.  4,  5,  arrows).  Here  the  pit  membrane,  showing  a  certain  degree 
of  curvature  toward  the  vessel  element,  is  the  initial  of  future  tylosis 
(Fig.  5). 

As  the  ray  cell  protoplasm  undergoes  further  alteration  and  special¬ 
ization  toward  the  inner  sapwood,  a  vacuole  often  appears  in  each  cell, 
eventually  pushing  the  cytoplasm  containing  the  organelles  toward 
the  periphery  of  the  cell  (Fig.  6) .  In  some  ray  cells,  one  may  occasion¬ 
ally  encounter  large  deposits  of  fat  bodies  which  are  very  electron 
dense  (Fig.  6).  This  figure  also  shows  the  plasmadesmata  which  pass 
through  the  cell  walls  to  connect  with  the  protoplasm  of  the  neighbour¬ 
ing  cell.  At  this  stage  of  cell  maturation,  secondary  wall  formation  is 
considerably  advanced. 

In  the  inner  sapwood,  the  ray  cell  contains  an  elliptical  nucleus 
which  is  composed  of  lightly-staining  nucleoplasm  (Fig.  7).  Such  a 
nucleus  in  permanganate-fixed  tissue  appears  electron  opaque  (Fig. 
8).  The  plastids  are  fully  developed  and  they  contain  2  to  several 
starch  grains  (Figs.  8,  9).  In  addition  to  starch-bearing  plastids,  there 
are  also  other  plastids  which  contain  a  few  droplets  of  fat  and  organ¬ 
ized  grana  (Figs.  9,  10,  arrows).  The  mitochondria  are  large  and  oc¬ 
casionally  elongated  (Fig.  9)  with  well-defined  cristae.  The  cytoplasm 
contains  scattered  polysomes  but  very  few  rough  ER.  A  reduction  in 
the  population  of  ER  and  ribosomes  corresponds  to  a  drop  in  RNA 
synthesis  in  the  mature  ray  cells  in  several  species  of  conifers  and  in 
Quercus  crispula  (Fukazawa  and  Higuchi,  1966) . 

A  feature  of  these  ray  cells  is  the  presence  of  numerous  membrane- 
bound  vesicles  and  multivesicular  bodies  (see  Mia,  1970)  of  various 
shapes  and  sizes.  Although  these  vesicles  occur  in  the  ray  initials  and 
differentiating  ray  cells,  their  frequency  is  increased  in  maturing  ray 
cells.  These  vesicles,  containing  electron  dense  granular  materials, 
often  occur  between  the  cell  wall  and  the  plasmalemma  (  Figs.  11,  12) . 
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Fig  8.  Ray  eeHs  in  sapwood  showing  nucleus  and  plastids  with  starch  grains.  XI ,700. 
Fig.  9.  Ray  cell  in  sapwood  showing  a  pSastid  with  2  starch  groins,  a  plastid  with  fat 
bodies  (arrow)  and  a  long  mitochondrion.  X2, 800- 

fig.  10.  Ray  cel!  in  the  inner  sapwood  showing  multivesicular  body  (short  arrow)  and  a 
plastid  with  fat  bodies  (long  arrow).  X4,200. 

Fig  11.  Ray  cell  In  the  inner  sapwood  showing  a  multivesicular  body  ©n  wall  surface 
(arrow),  mitochondria  and  a  plastid.  X4,200. 

Fig.  12.  Ray  eel!  in  the  inner  sapwood  to  show  vesticles  at  cell  surface,  X5,800. 

X5,800. 

Fig.  13.  Ray  cell  showing  fat  bodies  and  golgi  bodies.  X5.800, 
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The  vesicles  and  the  multivesicular  bodies  appear  to  originate  in  the 
cytoplasm  (Fig.  10,  short  arrow)  and  to  be  subsequently  carried  across 
the  plasmalemma  to  the  surface  of  the  cell  wall  (Fig.  11,  arrow) .  These 
vesicles  and  multivesicular  bodies  are  believed  to  be  involved  in  the 
synthesis  and  deposition  of  cell  wall  materials  (Marchant  and  Ro- 
bards,  1968;  Mia,  1970;  Walker  and  Bisulputra,  1967).  Vesicular 
activities  appear  to  be  quite  pronounced  in  the  ray  cells  undergoing 
secondary  wall  thickening. 

In  the  ray  cells,  one  may  occasionally  encounter  golgi  bodies  with 
vesicles  (Fig.  13),  microtubules  attached  to  cell  surface  (Fig.  14),  and 
circular  membranes  (Fig.  15).  Nobuchi  and  Harada  (1968)  have 
reported  the  presence  of  golgi  bodies  in  ray  cells  of  Cryptomeria 
japonica  but  not  the  microtubules  and  circular  membranes  as  observed 
in  Populus  tremuloides. 

Ray  Cells  in  Sapwood-Heartwood  Transition  Region 

This  region  may  be  defined  as  the  xylem  between  the  10-year-old 
and  13-year-old  growth  rings.  The  ray  cells  begin  to  show  degeneration 
of  the  organelles  such  as  nucleus,  mitochondria,  plastids,  rough  ER 
and  ribosomes.  The  mitochondria  and  the  plastids  gradually  lose  their 
internal  membrane  system  (Figs.  16-18),  while  the  plastids  still  con¬ 
tain  starch  grains  (Figs.  16,  17).  In  general,  the  cytoplasm  shows  a 
certain  degree  of  degeneration  and  a  complete  lack  of  rough  ER.  There 
is  a  sharp  reduction  in  the  population  of  ribsomes  and  polyribosomes 
in  comparison  to  the  differentiating  ray  cells  in  sapwood.  Some  cells 
also  show  accumulation  of  fat  bodies  (Figs.  16,  17)  and  phenolic 
substances  in  the  vacuoles  (Fig.  18,  arrows).  Frey-Wyssling  and 
Bosshard  (1959)  reported  an  increase  in  phenolic  compounds  in  the 
ray  cells  of  this  region.  Nobuchi  and  Harada  (1968)  assumed  that  a 
decrease  in  cytoplasmic  activities  was  due  to  an  increase  in  the  secre¬ 
tion  of  polyphenolic  substances.  Higuchi  and  Fukazawa  (1966) 
assumed  that  activity  of  phenylalanine  deaminase  in  the  inner  sap- 
wood  is  related  to  the  synthesis  of  phenolic  compounds  which  are 
responsible  for  death  of  the  ray  cells. 

Ray  Cells  in  Heartwood 

The  postmortem  features  of  the  ray  cells  are  completely  different 
from  those  observed  in  the  living,  physiologically-active  ray  cells  in 
the  sapwood  and  in  ray  initials.  Here  all  physiological  activities  have 
ceased  and  the  functioning  of  the  cytoplasmic  organelles  has  come  to 
a  halt  due  to  degradation  of  the  nucleus,  other  organelles  and  the  cyto- 
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Figure  14.  Ray  cell  showing  microtubules.  XI  0,000. 

Figure  1  5.  Ray  cell  showing  circular  membrane.  X2,800. 

Fig.  16.  Ray  cell  in  the  sapwood-heartwood  transition  region  to  show  degradation  of 
membrane  systems.  X2,400. 

Fig.  17.  Ray  cell  in  the  sapwood-heartwood  transition  region  to  show  fat  bodies,  starch 
grains  and  the  destroyed  protoplast.  X8,500. 

Fig.  18.  Ray  cell  in  the  sapwood-heartwood  transition  region  to  show  deposits  of  phenolic 
substances  (arrows)  and  destroyed  protoplast.  XI  0,500. 

Fig.  19.  Ray  cell  in  heartwood  showing  completely  destroyed  protoplast.  X8,300. 
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plasm  itself.  Their  disintegration  is  indicated  by  the  presence  in  the 
cells  of  destroyed  membranes,  and  by  membranous  substances  in  the 
lumen  of  the  cell  (Fig.  19).  These  substances  stain  deeply  with  os¬ 
mium,  uranyl,  and  lead  salts  and  gives  the  image  with  extreme  elec¬ 
tron  density.  In  some  cells,  especially  those  occurring  deep  in  the 
heartwood,  these  substances  appear  crusty  and  are  extremely  electron 
dense  (Fig.  20) . 

Although  the  cytoplasm  of  these  cells  is  completely  destroyed,  the 
plasmadesmata  still  appear  to  retain  their  connections  with  the  ad¬ 
joining  ray  cell  (Fig.  20,  arrow).  In  the  heartwood,  one  may  also 
encounter  ray  cells  with  deposits  of  fats  which  may  be  mingled  with 
polyphenolic  substances.  The  former  may  occupy  the  entire  lumen  of 
the  cell,  thereby  masking  the  other  cell  contents  (Fig.  21).  Materials 
with  a  similar  appearance  may  also  occur  in  a  tylosis.  Fully-grown 
tyloses  (Fig.  22)  with  dead  protoplasts  may  be  observed  in  the  13th 
annual  ring  of  a  15-  or  17-year-old  tree,  indicating  the  presence  of 
heartwood  in  these  trees.  Regarding  the  deposition  of  fatty  substances, 
it  may  be  pointed  out  that  heartwood  contains  slightly  higher  amounts 
of  fatty  acids  than  in  the  sapwood,  although  the  difference  is  negligible 
(Clermont,  1961 ) .  The  presence  of  heartwood  in  relatively  young  trees 
may  be  due  to  physiological  vigor  of  the  trees. 


Seasonal  Changes  in  Ray  Cells 

The  climate  in  Eastern  Canada  is  typically  temperate.  During 
winter  months,  the  atmospheric  temperature  usually  remains  below 
freezing  point,  while  in  the  late  spring  and  summer  months,  the  tem¬ 
perature  may  rise  up  to  70°  to  85  °F.  Due  to  this  sharp  temperature 
contrast  between  winter  and  summer,  the  living  cells  in  trees  undergo 
metabolic  changes  to  adjust  with  the  prevailing  climate.  In  the  months 
of  January  and  February,  when  the  day  and  night  temperatures 
usually  fluctuate  from  15°F  to  below  0°F,  the  outer  ray  cells  display 
a  cytoplasmic  composition  in  which  few  organelles  except  the  nucleus 
were  discernible.  The  nucleus,  enclosed  by  well-defined  nuclear  mem¬ 
brane.  is  fairly  electron  dense  (Fig.  23),  a  condition  also  apparent  in 
the  nucleus  of  resting  cambial  cells  in  Fagus  (Kidwai  and  Robards, 
1969).  The  profiles  of  rough  ER  occurring  along  the  wall  are  often 
encountered  in  these  cells  (Fig.  24,  arrow).  The  mitochondria  con¬ 
taining  few  cristae  are  usually  round  and  small  in  size.  The  plastids 
have  lost  their  internal  membrane  systems  but  are  recognizable  by 
their  apparent  outer  membranes.  The  quiescent  ray  cells  contain  lipid 
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Figure  20.  Ray  ceil  in  hearfwood  showing  plasmadesmata  (arrow)  and  erusf»Iik@  deposit  in 
cell  lumen.  X6,O00. 

Fig.  21.  Ray  cell  in  hearfwood  with  deposit  of  fats  possibly  mixed  with  phenolic  sub¬ 
stances.  X9,000. 

Fig.  22.  Vessels  in  hearfwood  with  tyloses.  X325. 

Fig.  23.  Dormant  ray  cell  showing  nucleus  and  fat  bodies.  X3,600, 

Fig.  24.  Dormant  ray  cell  showing  ER  farrow),  fat  bodies  and  plastids.  X3,60Q. 
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Fig.  25.  Dormant  ray  cell  in  cross-section  showing  scattered  deposits  of  phenolic  sub¬ 
stances  in  the  vacuoles.  X7, 500. 

Fig.  26.  Dormant  ray  cell  in  cross-section  showing  deposits  of  phenolic  substances 
in  round  bodies  in  the  vecuoles.  X7, 500. 

Fig.  27.  Partially  activated  ray  cell  showing  deposits  of  fat  bodies  and  phenolic  sub¬ 
stances.  X6,200. 

Fig.  28.  Maturing  ray  ceils  showing  deposits  of  electron  opaque  and  electron  dense  fat 
bodies.  X2,000. 
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bodies  of  variable  sizes  and  they  appear  to  be  randomly  distributed 
within  the  cytoplasm. 

The  most  remarkable  feature  of  the  cold-induced  dormant  ray 
initials  is  the  presence  of  numerous  small  vacuoles  which  are  usually 
filled  with  deposits  of  phenolic  substances  (Figs.  25,  26).  Phenolic 
substances  in  some  cases  may  remain  thinly  distributed  (Fig.  25), 
while  in  other  cells,  they  are  concentrated  into  round  bodies  (Fig.  26) . 
Due  to  formation  of  numerous  small  vacuoles,  the  cytoplasm  gives  the 
appearance  of  a  network. 

An  abundance  of  fats  and  phenolic  substances  remain  in  the  cells 
during  the  2nd  week  of  May  (Fig.  27),  indicating  that  the  deposits  of 
fats  and  phenolic  substances  are  not  mobilized  until  the  end  of  May 
or  very  early  in  June.  Materials  collected  in  June  rarely  contain  these 
substances  especially  in  cells  occurring  close  to  the  vascular  cambium 
(Figs.  2,  3) .  Disappearance  of  fats  and  phenolic  substances  takes  place 
concurrently  with  the  initiation  of  xylem  production  in  Populus  tre- 
muloides  (Davis  and  Evert,  1968).  In  mid- July  when  the  cambial 
activity  drops  sharply,  there  is  evidence  of  an  accumulation  of  fat 
bodies  (Fig.  6).  This  accumulation  continues  to  build  up  until  the  end 
of  October  when  the  cytoplasm  appears  to  be  crowded  with  these  bodies 
(Fig.  28).  The  fat  bodies,  usually  round  to  oval  in  shape  in  contrast 
to  a  diffuse  nature  in  dormant  cambial  cells  of  Tilia  americana  (Mia, 
1970),  display  differences  in  electron  density  which  become  quite 
apparent  in  cells  shadowed  with  palladium-gold  alloy  (Fig.  29).  One 
may  be  curious  to  know  whether  these  fat  bodies  are  pure  fats  in 
reality  or  whether  they  represent  a  mixture  of  substances  containing 
fats  and  proteins.  In  order  to  determine  the  chemical  nature  of  these 
globular  bodies,  histochemical  tests  were  carried  out  for  fats  and 
proteins.  Histochemical  tests  for  fats  using  hot  alcoholic  Sudan  III 
solution  indicate  that  these  bodies  are  indeed  fats  (Fig.  30).  Further, 
tests  for  both  acid  and  basic  proteins  using  fast  green  at  pH2  and  pHs 
respectively  failed  to  stain  these  bodies.  However,  these  proteins  were 
detectable  in  the  nuclei  of  these  cells  (Figs.  31,  32).  Apparently 
Populus  has  been  rightly  described  as  a  fat-containing  genus  (Ziegler, 
1964). 


Fig.  29.  Maturing  ray  cells  showing  electron  opaque  and  selection  dense  fat  bodies  which 
became  apparnt  after  shadowing  with  palladium-gold  alloy.  XI  ,800. 

Fig.  30.  Ray  cells  containing  fat  bodies  detected  histochemically  by  Sudan  III.  X750. 
Fig.  31.  Ray  cell  nuclei  showing  total  proteins  detected  cytrochemically  by  fast  green 
at  pH2.  XI, 300. 

Fig.  32.  Ray  cell  nuclei  showing  basic  proteins  detected  cytochemically  by  fast  green  at 

pH8.  X500. 
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In  contrast  to  the  dormant  cells  which  contain  an  abundance  of 
lipids  and  phenolic  substances,  and  few  unrecognizable  cell  organelles, 
active  ray  cells  during  spring  and  summer  months  display  proliferated 
cytoplasm  containing  well-defined  organelles  such  as  rough  ER,  mito¬ 
chondria,  golgi  bodies,  plastids,  and  a  large  population  of  ribosomes. 
In  the  active  cells  one  may  also  encounter  numerous  vesicles  and 
multivesicular  bodies  as  described  previously. 

CONCLUSION 

The  current  studies  indicate  that  the  gradual  loss  of  vital  control  in 
the  xylem  ray  cells  as  they  move  toward  the  inner  xylem  is  accom¬ 
panied  by  a  series  of  cytological  changes.  These  changes  seem  to  be 
directly  associated  with  a  gradual  degradation  of  various  cell  organelles 
such  as  nucleus,  mitochondria,  rough  ER,  ribosomes,  plastids  and  golgi 
bodies  and  are  accompanied  by  an  increase  in  the  thickness  of  primary 
and  secondary  cell  walls,  deposits  of  metabolic  end  products  such  as 
fats,  polyphenols  and  tannins,  and  disappearance  of  starch  grains. 
Frey-Wyssling  and  Rosshard  (1959)  also  concluded,  from  the  results 
of  light  microscopic  studies  of  cytological  features  of  ray  cells  in 
several  species  of  softwood  and  hardwood,  that  a  gradual  disintegra¬ 
tion  of  cell  nucleus  and  an  inhibition  of  mitochondrial  activities 
accompanied  increasing  age  of  the  ray  cells  from  the  outer  sapwood 
toward  the  transition  region  of  sapwood  and  heartwood. 

The  mechanism  for  bringing  these  cellular  activities  in  the  inner 
ray  cells  to  a  halt  is  not  so  simple  to  explain.  There  could  be  many 
factors  involved  in  the  slowing  down  of  the  biological  and  biochemical 
processes  other  than  mere  aging  of  the  cells.  Hillis  (1968)  and  Stewart 
(1966)  reviewed  the  chemical  and  biochemical  aspects  of  heartwood 
formation  from  the  studies  of  many  workers.  Stewart  (1966)  sug¬ 
gested  that  the  death  of  the  ray  cells  at  the  boundary  of  sapwood- 
heartwood  could  be  due  to  lethal  accumulation  of  secretory  substances 
such  as  phenolic  compounds.  Cytological  evidence  shown  with  electron 
microscope  studies  of  poplar  ray  cells  indicates  that  there  is  apparent 
disintegration  of  the  cell  organelles  and  accumulation  of  toxic  phenolic 
substances  in  the  sapwood-heartwood  boundary.  These  observations 
thus  lend  to  support  the  views,  in  one  hand  Frey-Wyssling  and  Boss- 
hard  (1959)  and  on  the  other  Stewart  (1966)  regarding  mechanism 
of  heartwood  formation. 
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HYDROLYSIS  OF  2-METHYLBENZOXAZOLE  TO  2-HYDROXYACETANl- 
LIDE.  During  an  investigation  of  benzoxazoles  a  number  of  samples  of  2-methyl¬ 
benzoxazole  were  prepared  (Fitton  and  Smalley,  1968,  “ Practical  Heterocyclic 
Chemistry ”,  Academic  Press,  London,  p.  55) .  A  few  months  after  preparation  a  white 
solid  was  observed  to  be  forming  in  the  liquid  2-methylbenzoxazole.  The  solid  was 
easily  isolated  from  the  2-methylbenzoxazole  by  filtering  and  washing  with  ether 
and  acetone.  Attempts  were  made  to  identify  the  product  by  NMR.  However,  the 
insolubility  of  the  compound  in  the  usual  solvents  precluded  this  approach.  A  clue  as 
to  the  nature  of  the  product  was  obtained  when  an  ion  with  a  m/e  =  151  was 
observed  in  the  mass  spectrum.  Further,  when  the  solid  was  filtered  from  the 
2-methylbenzoxazole  by  using  a  wet  filter,  the  filtered  2-methylbenzoxazole  reacted 
in  a  few  hours  to  form  more  of  the  white  solid  in  abundance.  This  was  easily 
repeated  and  suggested  that  the  white  solid  was  a  hydrolysis  product  of  2-methyl- 
benzoxazole.  Cleavage  at  the  ring  oxygen  would  form  the  acetamide  of  2-hydroxy- 
acetanilide. 


Figure  1 


In  an  effort  to  verify  the  above  product,  the  acetamide  of  o-aminophenol  was 
prepared  (Lumiere  and  Barbier,  1905,  Bull.  soc.  chim,  33:  783).  [It  should  be  noted 
that  the  monoacetamide  cannot  be  prepared  by  conventional  procedures  (Shiner,  et 
al .,  The  Systematic  Identification  of  Organic  Compounds ,  John  Wiley  &  Sons,  4th 
Ed.)  the  diacetamide  being  formed  instead.  (Frankel  and  Patair,  1964,  Tables  of 
Identification  of  Organic  Compounds,  Chemical  Rubber  Co.,  Cleveland,  2nd  Ed.)] 
Both  the  prepared  2-hydroxy  acetanilide  and  the  unknown  compound  melted  at  209- 
212°.  A  mixed  melting  point  of  the  2  solids  did  not  change  the  melting  point. 

Since  the  preparation  of  2-methylbenzoxazole  is  very  simple,  the  hydrolysis  of 
the  2-methylbenzoxazole  represents  a  convenient  method  for  preparing  2-hydroxy- 
acetanilide. 

When  samples  of  the  2-hydroxyacetanilide  were  stored  for  a  few  weeks,  decom¬ 
position  of  the  solid  was  apparent.  However,  the  2-hydroxyacetanilide  remained 
stable  and  easily  purified  as  long  as  it  remained  in  contact  with  2-methylbenzoxa- 
zole.  This  may  indicate  that  water  plays  a  role  in  the  air  decomposition  of  the 
2-hydroxyacetanilide. 

In  reviewing  the  literature  on  2-hydroxyacetanilide  and  2-methylbenzoxazole, 
there  are  a  few  reports  where  the  results  can  possibly  be  evaluated  in  terms  of  this 
new  information  (Seyhan  and  Avan,  1951,  Rev.  faculte  sci.  univ.  Istanbul,  16a:  30- 
32;  Palazzo  and  Mazzone,  1958,  Ann,  Chim  {Rome),  48:  1329-1335;  Haginiwa, 
1953,  /.  Pharm.  Soc.  Japan,  73:  1310-1312). 

The  authors  wish  to  acknowledge  the  use  of  a  Hitachi-Perkin-Elmer  RMU 
Double  Focussing  Mass  Spectrometer  in  the  Chemistry  Department  at  the  Univer¬ 
sity  of  Oklahoma,  Norman,  Oklahoma.  James  R.  Goetz  and  D.  W.  Rathburn,  De¬ 
partment  of  Chemistry,  Midwestern  University,  Wichita  Falls  76308. 
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BIOPREPARATION  OF  APOLLO  14  LUNAR  MATERIAL.  The  Lunar  Receiving 
Laboratory  (LRL)  at  the  Manned  Spacecraft  Center,  Houston,  Texas,  was  con¬ 
structed  as  a  quarantine  facility  for  lunar  materials  to  prevent  contamination  of 
the  earth  biosphere  (McLane,  et  al,  1967,  Sci.,  155:  525-529).  During  the  initial 
investigations,  all  work  with  the  lunar  material  was  performed  in  gastight  biological 
Class  III  cabinetry  (Wedum,  1964,  Public  Health  Reports,  79:  619-633).  Before 
the  admission  of  the  Apollo  14  lunar  samples,  the  biopreparation  cabinetry  was 
subjected  to  surface  sterilization  by  using  the  paraformaldehyde  technique  (Taylor, 
et  al.,  1969,  Appl.  Microbiol.,  17:  614-618).  Then,  the  cabinetry  was  purged  with 
nitrogen  gas  for  2  weeks  at  a  turnover  rate  of  2  volumes/hr.  All  materials  introduced 
into  the  cabinet  were  sterilized  by  steam,  ethylene  oxide,  or  sodium  hypochlorite 
bath.  Sterility  of  the  cabinet  was  monitored  by  swab  sampling  of  the  internal  sur¬ 
faces.  The  internal  atmosphere  of  nitrogen  gas  was  maintained  at  a  negative  1  in.  of 
water  pressure  to  reduce  the  risk  of  back  contamination. 

The  crewmembers  of  the  Apollo  14  mission  collected  approximately  43.0  kg  of 
lunar  material  from  both  surface  and  subsurface  sites.  After  the  material  was  de¬ 
livered  to  the  LRL,  the  biopreparation  laboratory  received  648  grams  of  the  material 
for  biotest  protocols,  classified  as  microbiological,  zoological,  and  botanical. 

The  objectives  of  the  consolidated  biopreparation  procedure  were  (1)  to  prepare, 
weigh,  and  package  the  lunar  samples  for  distribution  to  each  biological  laboratory 
and  (2)  to  conduct  a  preliminary  microscopic  examination  of  the  material.  The 
equipment  used  in  this  protocol  has  been  previously  described  by  Taylor,  et  al. 
(1970,  Appl  Microbiol,  20:  271-272). 

After  the  sample  was  weighed,  it  was  transferred  to  a  1-mm  sieve  to  separate  out 
those  particles  that  required  initial  pulverization.  The  sieve  retained  6.4%  of  the 
material.  The  smaller  material  was  transferred  to  a  105  pm  sieve.  Of  this  portion, 
63.2%  was  passed  by  this  sieve.  The  average  particle  size  was  16  pm.  The  material 
greater  than  1  mm  was  reduced  in  size  in  a  jaw  crusher  and  then  further  reduced 
in  size  in  an  electric  mortar  grinder.  Then,  all  material,  both  native  and  ground, 
was  combined  and  mixed  in  a  riffle  sampler.  This  reassembled  material  was  split 
and  weighed  into  aliquots  for  the  individual  biological  protocols,  and  a  500-mg 
sample  was  removed  for  microscopic  examination. 

Particle  sizing  of  the  material  was  performed  by  suspending  a  100-mg  aliquot 
in  20  ml  of  normal  butyl  alcohol.  A  drop  of  the  slurry  was  placed  on  a  microscope 
slide,  covered  with  a  cover  slip,  and  examined  through  an  oil-immersion  lens.  Two 
hundred  particles  on  each  of  5  slides  were  counted  and  measured  with  an  ocular 
micrometer  (Orr,  1959,  Fine  Particle  Measurement ,  The  MacMillan  Company, 
New  York) .  The  average  particle  size  of  the  combined  samples  was  determined  to 
be  33  pm. 

A  preliminary  investigation  at  the  microscopic  level  was  conducted  to  search  for 
evidence  of  any  living  or  previously  living  micro-organism.  The  500-mg  sample 
that  was  removed  for  direct  observation  was  examined  with  the  aid  of  a  stereoscope 
at  7X  and  25  X-  The  material  frequently  contained  colored  glasslike  spherules.  No 
evidence  of  any  gross  biological  formations  was  observed  at  the  magnifications.  The 
sample  was  transferred  to  5  ml  of  phosphate  buffer,  vortexed,  and  centrifuged  at 
750  X  G  for  20  min.  A  portion  of  the  pellet  was  examined  under  light  and  phase- 
contrast  microscopy.  Portions  of  the  pellet  were  Gram  and  acid-fast  stained.  The 
material  did  not  appear  to  absorb  or  react  to  the  stain.  The  phosphate-soil  super¬ 
natant  was  transferred  to  the  electron  microscopy  laboratory  for  further  investiga¬ 
tion.  No  evidence  of  microbiological  organization  was  noted  in  any  of  the  materials 
examined. 
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In  summary,  a  648  ±  gram  sample  of  lunar  material  was  prepared  for  biological 
investigation  by  sieve  separation,  pulverization,  and  recombination  for  distribution. 
No  recognizable  biological  forms  were  revealed  during  the  preliminary  microscopic 
examination  of  portions  of  the  lunar  material. 

Technical  assistance  was  provided  by  Tom  Molina  and  Nem  Bryan,  Brown  & 
Root — Northrop. 

By  R.  Long  and  W.  Ellis,  Biological  Sciences  Section,  LRL  Group,  Brown  &  Root- 
Northrop,  Houston,  77058;  and  H.  Schneider,  Preventive  Medicine  Division,  NASA 
Manned  Spacecraft  Center,  Houston  77058 . 

Accepted  for  publication:  Oct.  28,  1971. 


Figure  1.  Localities  of  the  genus  Faxonella  in 
Texas  and  surrounding  areas.  Dots  =  Faxonella 
clypeata;  crosses  -  Faxonella  beyeri. 


Figure  1 
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NOTES  ON  THE  GENUS  FAXONELLA  IN  TEXAS.  Faxonella  is  one  of  6  genera 
of  crawfishes  ( Cambarus ,  Procamharus,  Orconectes,  Fallicambarus,  and  Cambarel- 
lus )  with  representatives  ranging  in  Texas.  Individuals  of  this  genus  usually  fre¬ 
quent  permanent  bodies  of  water  or  areas  where  water  will  stand  most  of  the  year. 
However,  they  are  not  uncommonly  found  in  burrows  along  the  waters  edge. 

Faxonella  clypeata  (Hay)  1899,  has  been  reported  by  Penn  and  Hobbs  (1958, 
Tex.  J.  Sci .,  10(4):  452-483)  from  the  Red  River  drainage  of  Texas,  2  miles  E  of 
Jefferson,  Marion  County.  Two  additional  localities  (Fig.  1)  are  here  reported  from 
the  Sulphur  River,  a  tributary  of  the  Red  River,  in  Cass  Co.:  c  1  mi  S  Sulphur  River, 
U.  S.  Hy.  59:  7.8  mi  N  Linden,  U/~S.  Hy.  59.  Roth  collections  were  taken  from 
shallow  roadside  ditches  with  heavy  growth  of  vegetation. 

Faxonella  beyeri  (Penn)  1950,  formerly  unknown  in  Texas,  has  been  taken  from 
several  localities  in  the  Sabine  River  drainage  system.  It  was  formerly  thought  to  be 
confined  to  the  Red  River  drainage  of  DeSoto  and  Natchitoches  Parishes,  Louisiana 
(Penn,  1950,  7.  Wash.  Acad.  Sci.,  40(5):  166-169;  Fitzpatrick,  1963,  Tulane  Stud. 
Zool. ,  1(7):  57-79).  New  localities  (Fig.  1):  Harrison  Co.,  11.5  mi  N  Sabine  River 
on  U.S.  Hy.  59;  Newton  Co.,  18  mi  N  Burkesville  on  St.  Hy.  87;  Sabine  Co.,  4.5  mi 
N  Jet.  St.  Hy.  87,  Farm  to  Market  Road  330,  on  St.  Hy.  87;  4.8  mi  N  Jet.  St.  Hy. 
87,  Farm  to  Market  Road  2343  on  St.  Hy.  87;  Shelby  Co.,  6.5  mi  W,  0.2  mi  N  on  dirt 
road  from  Jet.  Farm  to  Market  Roads  139,  2694;  Jet.  Farm  to  Market  Roads  139, 
2694.  These  collections  were  also  taken  from  roadside  ditches  but  2  of  the  areas  were 
almost  completely  void  of  vegetation. 

These  records,  in  addition  to  those  reported  by  Reimer  (1969,  Proc.  Okla.  Acad. 
Sci.,  48:  49-65)  from  Oklahoma,  represent  the  westernmost  limits  of  the  genus 
Faxonella. 

Faxonella  beyeri  undoubtedly  evolved  as  a  distinct  species  in  the  Sabine  River. 
Since  it  is  found  only  above  the  Kisatchie  Wold,  it  is  not  too  unrealistic  to  believe 
that  the  upper  part  of  the  present  Sabine  River  flowed  into  the  ancestral  Red  River, 
and  that  stream  capture  by  the  lower  Sabine  River  resulted  in  the  isolation  of  the 
Sabine  segment  of  the  ancestral  Faxonella  population.  The  population  of  F.  beyeri 
in  the  Red  River  system  are  undoubtedly  very  recent  migrants  from  the  Sabine 
River.  By  Rollin  D.  Reimer,  Department  of  Wildlife  and  Fisheries  Sciences,  Texas 
A&M  University,  College  Station.  Accepted  for  publication:  Sept.  10,  1971. 


PRODUCTS  OF  DETERMINANTS  OF  SOME  SUBMATRICES  OF  A  POSITIVE 
MATRIX.  Let  A  be  a  positive  linear  transformation  on  a  unitary  space  En.  Let  the 
matrix  of  A  with  respect  to  an  orthonormal  basis  {a^}  be  (a^).  Let  (kx,  .  .  .  ,kp) 
be  a  sequence  of  positive  integers  such  that  1  <  k,  <  .  .  .  <  kp  <  n.  We  define 

Ai  —  (aij)  ,i,j  =  1,  •  •  •  ,kx, 

A2  =  (aij) ,  hi  =  1, . . .  ,k2 , 

Ap  =  (aij)  =  kp_i+1’  •  •  •  J1  • 

Then  we  prove 

det  A  <  (det  A-J  •  .  .  .  •  (det  Ap)  , 

for  which  proofs  have  been  supplied  by  Beckenbach  (1929,  Bull.  Amer.  Math.  Soc., 
35:  325-329)  and  Beckenbach  and  Bellman  (1965,  Inequalities,  Springer  Verlag, 
pp.  63-64).  This  proposition  is  due  to  Beckenbach  (1929,  op.  cit.)  and  Beckenbach 
and  Bellman  (1965,  op.  cit.)  where  the  proof  makes  use  of  integrations.  In  this 
article,  we  give  a  proof  using  techniques  of  linear  algebra. 
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1.  Lemma :  Let  A  be  a  positive  linear  transformation  on  En.  Then  there  exists  a 

non-singular  transformation  B  on  En  such  that  BB*  =  A,  where  B*  is  defined  by 
(Bl,?;)  =  for  all  S,  y  e  En  (Herstein,  1964,  Topics  in  Algebra ,  Blaisdell, 

NX,  p.  304) .  Note  that  B  is  not  unique. 

2.  A  geometric  observation :  Let  {aq}  be  an  orthonormal  basis  in  En  and  let  the 
matrix  of  B  of  §1  with  respect  to  this  basis  be  (bjj).  Suppose  =  (bu,  .  .  .  ,bin), 
i  =  1,  .  .  .  ,n.  Then  {IJ  is  linearly  independent  and  a^  =  (l*,^).  Moreover  the 
measure  of  the  convex  hull  of  (Iq, .  .  .  ,ln)  is 

=  —  [detA  yA 
n! 

The  reader  may  refer  to  Birkhoff  and  MacLane  (1941,  A  Survey  of  Modern  Algebra, 
Macmillan,  N.Y.,  pp.  293-296)  and  Price  (1947,  Amer.  Math.  Monthly,  54(2): 
75-90). 

Now  let  M  —  [tp  .  .  .  !k]  be  the  subspace  spanned  by  (q, .  .  .  ,£k.  Let  P  be  the 
orthogonal  projection  on  M1.  Then  we  consider  (I,  .  .  .  ,£k,  P4+1.---PU-  We 
show  that  the  measure  of  the  convex  hull  of  this  set  is  the  same  as  that  of  {£j}.  More¬ 
over  det  A  can  be  expressed  as  the  product  of  2  determinants  which  are  related  to  the 
measures  of  the  convex  hulls  of  {Iq,  .  .  .  ,£k)  and  {P^k_^15  .  .  .  ,P£n}  respectively. 
Proof  -.  It  is  easy  to  show  that  {^,  ■■■A,  P£k_l_i,  .  .  .  ,P£n}  is  linearly  independent 
and  we  leave  that  to  the  reader. 

We  may  choose  an  orthonormal  basis  {f3x,  .  .  .  ,/3k }  for  M  and  this  set  may  be 
extended  to  an  orthonormal  basis  (i81, .  .  .  ,/?k, .  .  .  ,J3n }  for  En. 

Since  we  may  write 

£i  =  (^i^i)^i  +  •  •  •  +  (^i,/5k)^k  for  i  =  1, .  .  .  ,k  and  +  .  .  .  + 

(lif/2n)/?n  for  i  =  fc+l»  •  •  •  ,n  the  matrix  of  B  with  respect  to  this  basis  is 


Thus  det  [B]  = 

(51,61) 

•••  (5l'6k> 

. 

(5k+l'Bk+l' ■' 

‘ <Ek+l'6n> 

(5k'Bl> 

•••  <V6k> 

‘VW  ••• 

(?n'6n> 

Now  let  B1  =  ((fj,^))  ,  i,j  =  1, .  •  .  ,k  and  D2  =  ((Ij,^))  ,  i,j  =  k+1, .  . .  ,n. 
Then 


det  [B]  =  det  Dx  •  det  D2  and 
det  [B*]  —  det  D*x  •  det  D*2  . 
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Thus  we  have  that 

det  A  =  det  BB*  =  det  B  •  det  B*  =  (det  Dpdet  D2)  •  (det  D  ^-det  D*2)  =  det 
(D1D*1)  •  det  (D2D*2)  . 

3.  Proof  of  the  proposition:  We  prove  the  proposition  for  p  =  2.  Let  us  consider 
{fp  .  .  .  ,£n)  and  P  of  §2.  Then  it  is  clear  that 

1 

—  (detD.D*^ 

is  the  measure  of  the  convex  hull  of  (£1?  .  .  .  ,lk).  In  fact,  this  is  the  same  as 

1 

—  (det  AAA  .  Thus  det  Ax  =  det  DjD*-,^ . 
k! 

On  the  other  hand,  the  measure  of  the  convex  hull  of  {£k+1,  .  .  .  ,£n}  is 

- 1 - ■  (det  A2)1/2  .  ' 

(n-k)! 

observing  that 

=  (^  A+i)/?k+i  +  •  •  •  +  (£j,fin)Pn  ’  i  —  k+!>  •  •  •  ,n  ,  we  see  that  the  measure 
of  the  convex  hull  of  {P£k+1,  .  .  .  ,Pln}  is 

- 1 - -  (det  D2D%§2  . 

(n-k)! 

Since  the  measure  of  the  convex  hull  of  {^+1?  •  •  •  ,£n)  is  greater  than  or  equal  to 
the  measure  of  the  convex  hull  of  its  projection  {P^k+1,  .  .  .  ,P£n),  see  §2  of  Amir- 
Moez  (1967,  Amer.  Math.  Monthly ,  74(9)),  we  deduce  that  det  (D2D*2)  <  det  A2. 
Therefore  det  A  <  det  Ax  det  A2. 

The  proposition  for  p  )>  2  may  be  proved  by  induction.  We  shall  omit  it.  By  A.  R. 
Amir-Moez  and  R.  E.  Long,  Department  of  Mathematics ,  Texas  Tech  University , 
Lubbock  79409. 


LLOYD  HERBERT  SHINNERS,  1918-1971.  IN  MEMOR1AM.  In  1945  a  young 
Canadian-born  botanist  came  to  Southern  Methodist  University  in  Dallas.  A  product 
of  both  Canadian  and  American  educational  institutions  he  began  to  carve  a  niche 
in  botanical  science  and  soon  developed  state,  national,  and  international  renown. 
Lloyd  Shinners  was  not  “average”  in  any  sense.  He  never  married,  had  little  or  no 
patience  with  the  lazy  or  the  incompetent,  but  was  wholly  selfless  in  his  commit¬ 
ment  to  his  work.  As  a  teacher  he  was  demanding,  stimulating,  and  irritating.  He 
was  an  untiring  worker,  linguist,  poet,  musician  ...  a  “scholar”  in  the  truest  sense 
of  the  word.  He  was  well  ahead  of  his  time  in  his  acute  awareness  of  the  weaknesses 
in  the  American  approach  to  education  and  the  environment. 

I  can  think  of  no  more  fitting  memorial  than  to  quote  from  some  of  his  numerous 
publications.  The  quotations  will,  I  believe,  testfy  to  the  significance  of  the  loss 
caused  by  his  death  through  illness  on  16  February,  1971. 

The  following  are  extracted  from  “Spring  Flora  of  the  Dallas-Fort  Worth  Area, 
Texas”  published  privately  by  the  author  in  1958. 
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From  the  INTRODUCTION: 

There  is  no  magic  which  will  make  it  child’s  play  to  find  out  the  names  of  so  huge 
a  quantity  of  variable  plants.  No  real  familiarity  with  them  can  be  acquired  without 
using  technical  terms.  No  worth-while  list  of  them  is  possible  without  using  scientific 
names.  If  you  wish  something  painless  and  effortless,  the  pursuit  of  botany  is  not  for 
you.  Nature  gives  away  few  secrets  to  the  lazy,  and  none  to  the  incompetent. 

Do  not  assume  you  are  incompetent  merely  because  you  find  technical  terms  and 
names  strange,  and  your  first  attempts  at  identifying  difficult  or  a  failure.  You  are 
probably  only  a  victim  of  modern  American  education,  along  with  inexperience. 

When  in  1829  Mrs.  Almira  Hart  Lincoln  (later  Mrs.  Phelps)  published  her 
Familiar  Lectures  on  Botany,  she  used  Latin  names,  and  more  technical  terms  than 
appear  in  this  book,  though  she  wrote  for  students  at  what  would  now  be  high 
school  or  at  most  junior-college  level.  Yet  her  book  became  a  best-seller  among  the 
general  public,  and  remained  so  for  half  a  century,  at  a  time  when  few  completed 
high  school,  and  college  students  were  a  rarity.  Her  “familiar”  introduction  to 
botany  was  hardly  less  difficult  than  the  technical  manuals  of  Amos  Eaton,  Asa  Gray, 
and  Alphonso  Wood,  also  best-sellers  in  their  day,  to  people  not  prepared  by  formal 
training  for  scientific  work.  They  would  not  have  understood  the  degeneration 
which  has  led  to  the  cynical  modem  saying:  “An  education  is  something  that  enables 
you  to  get  along  without  intelligence.” 


From  the  APPENDIXES: 

I.  SUMMARY  OF  TECHNICAL  TERMS 

One  of  my  regular  examination  questions  asks  the  students  to  translate  a  short 
botanical  description  into  simple  English,  using  no  technical  words.  They  find  it 
quite  a  struggle,  and  usually  impossible  without  resorting  to  drawings.  Technical 
terms  are  practical,  convenient,  and  indispensable.  One  can  talk  about  plants  without 
them  about  as  well  as  one  can  talk  about  automobiles,  airplanes,  telephones,  and 
radios  with  only  those  English  words  which  existed  in  Shakespeare’s  day.  Anyone 
able  to  understand  and  use  our  modem  jargon  about  the  latter  has  no  excuse  for 
claiming  that  botanical  terms  are  either  difficult  or  confusing. 

It  has  to  be  admitted  that  Nature,  unlike  the  (by  comparison)  simple  machines 
contrived  by  Man,  is  neither  consistent  nor  exact,  and  she  is  at  her  most  inconsistent 
and  inexact  in  the  Plant  Kingdom.  While  we  get  along  reasonably  well  with  names 
for  the  basic  parts  of  plants,  we  get  into  difficulties  when  we  have  to  deal  with  com¬ 
pound  structures,  or  with  superficial  structures  such  as  shapes,  sizes,  colors,  or  sur¬ 
faces.  We  then  resort  to  hyphenated  terms,  or  evasive  prefixes  and  suffixes.  These 
give  the  plant  taxonomist  a  great  reputation  for  inexactitude  and  inconsistency.  That 
is  no  more  than  a  reflection  of  his  honesty,  for  such  is  the  nature  of  the  material  with 
which  he  has  to  deal. 

The  technical  terms  used  in  the  Systematic  Section  are  explained  in  the  Glossary. 
But  since  the  English  alphabet  has  no  relation  whatever  to  plant  structures,  it  may 
be  helpful  to  have  the  latter  summarized  in  more  usable  order.  They  are  grouped 
below  under  Vegetable  Parts,  Flowers,  and  Fruits,  with  a  section  of  terms  describing 
Shapes  and  Surfaces,  and  an  additional  summary  of  terms  used  in  classification. 
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III.  SCIENTIFIC  AND  COMMON  NAMES 

There  is  no  part  of  botany  about  which  there  are  so  many  foolish  misconceptions 
or  such  prevalent  ignorance  as  Latin  names.  All  our  knowledge  about  plants  would 
be  useless  if  we  did  not  have  some  means  of  organizing  it,  of  indexing  it  to  make  it 
accessible.  We  have  to  have  something  usable  in  all  countries,  concise,  and  possible 
of  unlimited  expansion.  Latin  names  are  the  answer.  They  are  a  very  basic  tool,  and 
a  simple  necessity. 

One  of  the  most  tiresome  and  irritating  remarks  I  have  to  listen  to,  over  and  over, 
runs  uOh,  don’t  give  me  those  terrible  Latin  names;  give  me  something  I  can  say 
and  understand.”  People  who  mouth  such  jaw-breakers  as  chrysanthemum  or  aspar¬ 
agus  without  batting  an  eye  are  simply  being  childish  when  they  say  they  cannot 
manage  Latin  names.  That  is  what  those  two  words  are,  without  a  single  letter 
changed.  So  are  gladiolus,  anemone,  magnolia,  aster,  rhododendron,  azalea,  crocus, 
iris,  nandina,  gardenia — to  give  just  a  few.  Latin  names  are  often  longer  than  com¬ 
mon  ones,  but  sometimes  the  reverse  is  true.  For  example,  a  sesquipedalian  mis¬ 
nomer  like  “Madagascar  periwinkle”  has  no  superiority  that  I  can  see  over  plain 
Vinca  rosea  (or  even  Lochnera  rosea ,  if  one  prefers  to  split  up  the  genus) . 

Far  worse  than  the  close-minded  attitude  of  non-professionals  is  that  of  too  many 
professional  biologists.  Most  of  them  do  not  know  how  to  pronounce  Latin  names, 
and  still  entertain  fuzzy  and  naive  ideas  about  “splitter  and  lumpers,”  “useless” 
name-changes,  and  such-like  mythology,  which  either  lost  what  little  foundation  it 
had  25  years  ago,  or  never  did  have  any.  There  are  some,  even  among  the  taxono¬ 
mists,  who  are  quite  militant  in  refusing  to  try  to  pronounce  correctly,  or  to  be 
bothered  with  nomenclatural  precision.  There  is  no  excuse  for  such  oafishness. 

Scientific  names  are  not  hard  to  pronounce.  There  are  perfectly  reasonable  rules 
about  using  them.  Common  names  belong  to  folklore,  not  to  science. 

Nomenclature  is  not  understood  or  appreciated  except  by  those  who  have  had 
considerable  experience  with  it.  This  of  course  excludes  the  general  public,  non- 
taxonomic  biologists,  and,  it  must  be  added,  even  a  fair  number  of  taxonomists.  About 
all  one  can  do  is  to  paraphrase  the  saying  about  religion:  for  those  who  know,  no 
explanation  is  necessary;  for  those  who  do  not,  no  explanation  is  possible.  In  any 
event,  those  who  do  know  are  certainly  entitled  to  expect  that  others  will  at  least 
respect  the  difficulty  of  their  task,  and  not  indulge  in  shallow  and  foolish  criticism  of 
things  they  know  nothing  about. 


COMMON  NAMES.  The  Texas  flora  is  rich  and  varied,  contains  few  species 
previously  known  to  European  settlers.  Attempts  by  different  waves  of  settlers  in 
different  sections  to  adapt  the  names  of  Texas  plants  produced  a  wild  disorder  in  the 
common  names  of  Texas  plants.  The  same  name  may  apply  to  two  different  species 
in  two  adjacent  counties.  And  of  course  many  species  recognized  by  the  botanist 
are  unknown  to  the  ordinary  person. 

I  have  not  tried  to  assemble  authentic  popular  names.  A  taxonomists’s  work  is  too 
over-loaded  with  time-consuming  detail  to  allow  him  to  undertake  such  study  in  a 
state  which  still  has  not  had  a  single  complete  technical  flora  written  for  it.  Those 
which  I  happened  to  remember,  and  which  were  authentic,  have  been  adopted.  Some 
have  been  borrowed  from  elsewhere.  Only  in  one  case  have  I  used  a  manufactured 
“common”  name:  “Polly-Prim”  for  Polypremum  procumbens ,  proposed  by  Mrs. 
Norma  Stillwell.  This  is  an  imaginative  and  felicitous  transmogrification  of  the 
Latin  name,  and  has  all  the  flavor  of  a  real  folk-name. 
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For  the  “Standardized  Plant  Names,”  manufactured  according  to  arbitrary  rules 
by  bureaucrats,  largely  by  translating  the  Latin  binomials  with  varying  degrees  of 
accuracy  and  inaccuracy,  I  have  no  use  whatever.  They  are  an  insult  to  intelligence 
and  a  crime  against  good  taste.  There  is  absolutely  no  necessity  for  concocting  fraud¬ 
ulent  “common”  names  for  plants  which  the  “common”  man  often  cannot  tell  apart 
in  the  first  place.  Anyone  with  serious  enough  interest  to  want  to  distinguish  species 
and  varieties  to  the  same  degree  that  a  botanist  does  certainly  ought  to  be  serious 
enough  to  use  botanical  names.  Those  who  refuse  to  accept  the  disciplines  of  Science 
are  not  entitled  to  its  benefits.  The  botanist  has  enough  hard  work  to  do  without 
being  asked  to  put  up  with  a  lot  of  artificial  gobbledy-gook  in  the  form  of  bogus 
vernacular  names.  I  have  no  patience  with  the  you-do-all-the-work,  give-me-some- 
thing-for-nothing  attitude  which  lies  behind  demands  for  “common”  names. 

Genuine  popular  names  are  often  vivid  and  interesting.  A  study  of  them  would  be 
fascinating,  but  it  belongs  in  the  realm  of  folklore,  not  of  science. 

VI.  CONSERVATION 

Conservation  means  wise  use  when  the  use  is  known.  Conservation  means  preser¬ 
vation  when  no  use  has  yet  been  found. 

The  economic  value  of  wild  vegetation  in  general  corresponds  to  its  level  in  the 
successional  scale.  Climax  grassland,  for  example,  has  higher  forage  value  than  stages 
below  climax.  Mature  timber  trees  are  more  valuable  than  brush  stages  which  pre¬ 
cede  them.  Crop  plants  are  a  special  group,  more  valuable  than  wild  vegetation,  but 
belonging  at  the  bottom  of  the  successional  scale,  between  bare  ground  and  pioneer- 
weeds. 

These  types  of  plant  life,  of  obvious  and  major  economic  concern,  receive  a  great 
deal  of  attention.  Though  our  scientific  knowledge  is  still  incomplete,  and  though 
there  is  still  a  wide  gap  between  the  considerable  information  we  do  have  and  a 
general  and  really  effective  use  of  it,  at  any  rate  there  is  some  understanding  and 
appreciation  among  the  public,  and  many  individuals  and  agencies  are  active  in 
developing  and  applying  technical  knowledge.  The  fine  work  of  the  Soil  Conserva¬ 
tion  Service  particularly  deserves  mention. 

It  is  another  story  with  the  seemingly  useless  vegetation.  Actually  it  is  not  useless. 
Every  plant  that  grows  is  improving  the  soil  and  air,  and  retarding  erosion  by  water 
and  wind;  even  the  most  unwelcome  weeds  have  this  to  their  credit.  All  this  is  hardly 
noticed.  Plants  are  taken  as  much  for  granted  as  the  air,  and,  nowadays,  more  so 
than  water.  Our  local  area  is  extremely  backward  with  regard  to  Nature  Preserves 
and  parks.  There  is  almost  no  concern  about  the  former,  while  any  agitation  about 
the  latter  is  generally  at  the  low  level  of  demanding  more  playgrounds,  ball  fields, 
picnic  areas,  and  the  like.  Garden  clubs,  which  could  be  doing  solidly  useful  work, 
fritter  away  their  energies  on  artificial  redbud  trails.  Good  intentions  abound,  but 
the  prevailing  ignorance  is  colossal. 

That  ignorance  can  be  blamed  on  the  botanists.  It  is  after  all  their  business  to 
assemble  technical  information  and  make  it  available.  This  they  certainly  have  not 
done  as  far  as  our  flora  is  concerned.  Even  the  most  eager  citzen  can  get  no  place 
because  no  facilities  have  been  provided  for  him. 

But  the  botanists  are  not  all  to  blame.  There  are  too  few,  there  is  too  much  for 
them  to  do,  and  at  only  one  institution  in  the  entire  state  are  there  really  adequate 
facilities  for  the  elementary  job  of  writing  a  flora.  The  so-called  biology  depart¬ 
ments  in  our  educational  institutions  ought,  if  honestly  living  up  to  their  title,  to 
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be  giving  equal  attention  to  botany  and  zoology.  Since  these  actually  have  less  in 
common  than  chemistry  and  physics  have  with  each  other,  this  is  asking  a  good 
deal.  In  practice  it  does  not  happen,  and  botany  is  always  the  loser.  I  have  heard 
a  biology  chairman  state  in  public  that  “Our  only  excuse  for  existing  is  to  train 
pre-medical  students.”  Such  crude  and  irresponsible  hypocrisy  is  rarely  so  blatantly 
confessed,  but  it  is  the  prevailing  practice.  This  state  of  affairs  is  a  historical  phe¬ 
nomenon  whose  origin  and  development  can  be  fairly  easily  traced.  Its  evil  rami¬ 
fications  are  only  beginning  to  become  obvious. 

Conservation  must  begin  with  knowledge  and  ideas,  and  among  such  the  most 
basic  are  those  in  botany.  They  are  not  going  to  be  produced  and  disseminated  as  long 
as  that  science  has  to  contend  with  the  backward  conditions  which  now  prevail. 

Vincit  veritas  has  proved  not  to  be  an  invariably  true  statement.  On  the  other 
hand,  there  is  no  denying  that  times  change. 

The  following  are  taken  from  Vol.  I,  number  1,  of  SIDA,  a  botanical  journal  of  in¬ 
ternational  reputation  founded  and  privately  published  by  Shinners. 

From  “Evolution  of  the  Gray’s  and  Small’s  Manual  Ranges”,  the  lead  paper  in 
which  he  discusses  the  present  and  past  conditions  of  botany  in  the  “South”.  After 
an  account  of  the  “Historical  Record”,  the  “Historical  Rackground:  Cultural”,  “His¬ 
torical  Rackground:  Scientific”,  and  “Historical  Perspectives”,  he  includes  two 
appendices,  one  entitled  “Calamity  and  Southern  Botany”  and  a  second  “The 
Patterns  of  Aliens  and  Frontiersmen  in  Southern  Botany”  from  which  the  following 
is  taken: 

Commentary  on  aliens  and  frontiersmen  would  be  incomplete  without  some 
mention  of  those  whose  families  have  been  in  America  several  generations  longer 
than  the  family  of  the  present  President  of  the  United  States  or  the  families  of  most 
of  the  nation’s  citizens,  but  who  scarcely  enjoy  the  usual  status  of  early  settlers.  The 
blighting  influence  of  the  slave  economy  on  Southern  whites  has  already  been  noted. 
For  the  Negroes  it  was  of  course  much  more  extreme,  and  made  worse  by  racist  at¬ 
titudes  on  both  sides.  We  have  seen  how,  in  terms  of  botanical  history,  the  release 
of  the  Upland  White  from  long  cultural  suppression  has  begun  to  have  positive  re¬ 
sults.  We  may  well  expect  that  the  longer  and  more  severe  cultural  suppression  of 
Negroes  will  be  followed  by  a  longer  period  of  recovery.  But  recovery  is  visibly  un¬ 
der  way,  and  like  so  much  else  in  the  New  South,  at  a  quickening  pace. 

I  vividly  recall  an  incident  that  took  place  a  year  or  two  after  I  came  to  Texas.  I 
was  showing  a  Northern  visitor  some  native  weeds  in  a  vacant  lot  in  Dallas.  While 
we  were  on  hands  and  knees  digging  specimens  (as  I  recall,  the  plant  was  our  at¬ 
tractive  though  small-flowered  native  bindweed,  Convolvulus  hermannioides) ,  a 
young  colored  lady  stopped  to  watch,  and  at  length  asked  what  we  were  doing.  We 
explained  as  well  as  we  could.  “Oh,”  she  exclaimed,  “I  just  love  flowers  and  wish  I 
could  know  more  about  them!”  Such  had  been  my  own  feelings  from  earliest  child¬ 
hood.  But  for  her  there  was  no  chance;  for  her  children,  perhaps. 

Another  incident,  a  year  or  two  later,  in  St.  Louis,  on  a  Sunday  afternoon.  I  had 
gone  out  North  Broadway  Street  to  collect  bees  and  wasps  in  waste  areas  fringing 
the  Mississippi  River  bottoms.  Waiting  at  the  street-car  stop  to  go  back  into  town 
was  a  colored  man  of  indeterminate  but  considerable  age.  He  could  hardly  wait  for 
me  to  come  up  before  breaking  into  angry  speech  about  a  miserable  patch  of  corn 
across  the  street  underneath  a  huge  cottonwood  tree.  He  was  up  from  Mississippi 
to  visit  relatives;  back  home  they  know  how  corn  ought  to  be  grown,  and  planting 
it  under  a  cottonwood  was  all  wrong.  “It  cain’t  ’cumulate,”  he  insisted  repeatedly, 
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indignant  that  anybody  should  treat  corn  like  that,  “it  cain’t  ’cumulate!”  Illiterate 
he  might  have  been;  unintelligent  or  incompetent  he  certainly  was  not.  And  again 
the  natural  love  of  plants  was  plain  to  see. 

Just  as  this  paper  was  beginning  to  be  written,  there  was  showing  close  to  cam¬ 
pus  the  motion-picture  version  of  the  prize-winning  Broadway  play,  A  Raisin  in  the 
Sun,  written  by  and  about  Negroes.  Some  weeks  earlier  I  had  heard  its  author, 
Laraine  Hansberry,  in  a  radio  interview,  telling  with  bitter  intelligence  some  of 
the  personal  beliefs  that  had  been  voiced  in  the  play  ((“Why  give  God  the  credit 
for  the  things  man  does  for  himself?”).  Memorable  in  the  picture  is  the  scene  in 
which  the  matriarch,  defending  a  bedraggled  house  plant  in  their  Chicago  flat  from 
the  cynical  daughter,  exclaims,  “It  expresses  me!” 

On  my  latest  visit  to  Montgomery,  Alabama,  first  capital  of  the  Confederacy,  a 
local  newspaper  had  this  to  report  (19  July  1962):  “Two  years  ago,  Bullock  County 
had  around  2,000  white  and  five  Negro  voters.  It  now  has  about  2,100  white  and 
around  1,000  Negro  voters.” 

The  interest  is  there,  the  ability  is  there;  the  opportunity  has  been  wanting,  but 
is  plainly  on  the  way.  The  next  Southeastern  flora  will  still  be  hardly  past  the 
pioneer  stage.  It  may  well  be  that  the  first  definitive  Southern  flora  will  be  written 
a  generation  (or  two,  or  three)  hence  by  a  colored  botanist,  quite  possible  one  born 
in  Mississippi. 

I  feel  that  the  preceeding  quotations,  selected  from  a  tremendous  volume  of  writ¬ 
ings,  indicate  some  of  the  interests,  depths,  and  insights  of  a  great  man  and  a  dear 
friend.  By  Chester  M.  Rowell ,  Jr.,  Department  of  Biology,  Angelo  State  University, 
San  Angelo  76901. 

ERNEST  C.  TANZER.  In  Memoriam.  Ernest  Claud  Tanzer  died  on  January  23, 
1971,  of  a  malignant  lymphoma  after  a  prolonged  stay  at  M.  D.  Anderson  Hospital 
in  Houston,  Texas.  He  is  survived  by  his  wife  Glenda  and  daughter  Cheryl  Kay.  He 
received  his  B.S.  degree  in  1961  and  M.S.  in  1964  at  Texas  A  &  M  University,  was 
an  assistant  professor  at  Lamar  State  College  of  Technology,  Beaumont,  Texas, 
1966-1969,  and  subsequently  a  candidate  for  the  Ph.D.  at  the  University  of  Arizona. 
His  herpetological  publications  appeared  (1965-1970)  in  The  Texas  Journal  of 
Science  and  and  Herpetologica.  In  his  untimely  death  at  the  age  of  32  the  field  of 
herpetology  has  lost  a  worker  of  strong  potential.  By  Howard  K.  Gloyd,  Department 
of  Biological  Sciences,  University  of  Arizona,  Tucson  85721. 


MANUAL  OF  THE  VASCULAR  PLANTS  OF  TEXAS*  A  REVIEW.  On  August 

4,  1820  Dr.  Edwin  James,  attached  to  Major  Stephen  H.  Long’s  expedition,  entered 
the  Texas  Panhandle  along  the  Canadian  River  in  what  is  now  Oldham  County. 
On  this  expedition  Dr.  James  made  plant  collections  that  were  ultimately  described 
by  Dr.  John  Torrey.  Thus  there  were  150  years  between  the  first  collection  of 
plants  in,  and  the  publication  of  a  complete  manual  of  the  vascular  plants  of  the 
state  of  Texas. 

In  1938  the  “Catalogue  of  the  Flora  of  Texas”  by  V.  L.  Cory  and  H.  B.  Parks 
was  released.  The  “Catalogue”  was  a  list  of  over  5000  tax  known  or  expected  to 
occur  in  the  state.  In  1942  the  Texas  Research  Foundation  began,  under  the  di¬ 
rection  of  C.  L.  Lundell,  a  “Flora  of  Texas”.  This  has  since  been  converted  to  a 
series  of  regional  monographs  currently  consisting  of  3  volumes  including  27  mono- 
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graphic  treatments.  Regional  floras  such  as  the  excellent  “Spring  Flora  of  the  Dallas- 
Fort  Worth  Area,  Texas,  by  Lloyd  Shinners  and  the  “Flora  of  South  Central  Texas” 
by  R.  G.  Reeves  and  D.  C.  Rain  have  been  available  but  there  has  been  no  manual 
for  the  whole  floristically  rich  state. 

The  “Manual”  is  the  result  of  the  dedicated  efforts  of  Donovan  S.  Correll  and 
Marshall  C.  Johnston  with  more  than  50  collaborators  (who  contributed  treatments 
from  the  genus  to  the  family  level).  The  authors  indicate  that  some  of  their  col¬ 
leagues  suggested  that  the  undertaking  was  premature  but,  fortunately,  they  chose 
to  “move  ahead”.  The  result  is  truly  a  major  contribution.  In  this  period  of  eco¬ 
logical  crisis  and  the  pressures  of  “development”  we  are  extremely  fortunate  to 
have  a  work  of  this  scope  and  quality  available  now.  It  may  serve,  far  too  soon,  as  a 
historical  record  of  what  Texas  once  had  as  a  biological  heritage. 

The  “Manual”  can  best  be  compared  to  “Gray’s  Manual”  with  4,839  species  and 
640  subspecific  taxa  (5479  taxa)  treated  in  the  Texas  manual  as  compared  to  some 
8,000  taxa  in  the  1950  edition  of  “Gray’s  Manual”.  The  number  of  taxa  is  no  sur¬ 
prise  to  those  of  us  who  have  worked  in  the  state  and  certainly  belies  the  concept  of 
Texas  as  an  immense  and  barren  desert  held  by  some  of  the  uninformed. 

The  book  has  an  introductory  section  in  which  the  10  major  plant  zones  of  the 
state  are  described  and  characterized.  The  arrangement  is  basically  phylogenetic 
along  the  lines  of  the  Engler  and  Prantl  System  at  least  to  the  family  level.  Each 
species  entry  has  basic  synonomy,  an  excellent  description,  a  brief  ecological  sum¬ 
mary,  and  the  general  regional  and  state  distribution  patterns.  Poisonous  plants  are 
so  indicated  as  well  as  other  items  of  interest. 

The  “Manual”  should  serve  the  people  of  the  state  and  the  region  for  many 
years.  I  for  one  say  a  loud,  clear  and  fervent  “Good  and  well  done  gentlemen”. 
Chester  M.  Rowell ,  Jr.,  Department  of  Biology ,  Angelo  State  University ,  San  An¬ 
gelo,  Texas. 

*  Manual  of  the  Vascular  Plants  of  Texas.  1970.  Donovan  S.  Correll  and  Marshall 
C.  Johnston  and  collaborators.  Texas  Research  Foundation,  Renner,  Texas  (75079). 
Contribution  from  the  Texas  Research  Foundation  Vol.  XV.  1882  pages,  3  maps, 
hardbound.  $30.00. 
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Let’s  Not  Overlook  Our  Kids 

by  RICHARD  J.  BALDAUF 

Texas  A&M  University 
College  Station 


A  combination  of  real  needs  lies  before  us:  environmental  crises 
related  to  natural  resources;  an  adult  citizenry  untrained  in  modern 
ecological  concepts  and  the  relation  of  those  concepts  to  the  crises;  and 
children  who  need  a  background  in  natural  resources. 

Years  ago  biologists  in  general  and  ecologists  in  particular  were 
concerned  about  many  of  the  environmental  problems  which  are  now 
described  daily  in  newspapers  and  magazines.  And  now  it  is  apparent 
that  more  people  than  ever  before  are  concerned  about  our  natural 
resources  and  of  the  plans  which  will  change  the  quality  of  the  en¬ 
vironment.  Thus,  many  groups  of  scientists  and  lay  citizens  are  active 
in  saving  this  forest,  or  that  estuary,  or  that  particular  species  of 
animal.  Such  action  is  designed  to  meet  an  emergency — to  save  some¬ 
thing  before  it  is  lost  forever.  As  a  nation  and  as  a  people  we  will  never 
solve  environmental  and  conservation  problems  by  staying  one  jump 
ahead  of  the  emergencies.  But  we  need  the  advantage  of  that  one  jump. 

Adults  can  do  even  more  by  activating  old  and  promoting  new 
programs  in  natural  resource  conservation  or  environmental  educa¬ 
tion.  Admittedly,  many  adults  now  use  the  word  “ecology”  without 
knowing  what  it  is  or  how  it  can  help  us  understand  and  solve  our 
problems.  An  informed  adult  citizenry  is  needed. 

But  a  nation  of  adults  informed  of  ecological  matters  is  not  enough. 
The  most  important  task  is  that  of  training  children.  Natural  resource 
education  must  receive  as  much  attention  as  do  reading,  writing,  and 
arithmetic,  if  we  are  serious  about  Man’s  ability  to  survive  and  to 
retain  the  Earth  in  a  viable  condition.  Perhaps  the  three  R’s  should  be 
replaced  by  the  four  R’s:  readin’,  ’ritin’,  ’rithmetic,  and  resources. 

Education  in  the  earth  sciences  in  our  public  schools  has  reached 
an  all-time  high  in  terms  of  interest,  programs,  equipment,  and  general 
funding.  This  is  the  result  of  Sputnik.  We’ve  made  it  to  the  moon,  and 
now  we’re  ready  to  be  serious  about  Earth. 

As  the  citizens  of  this  Nation  listen  to  bureaucratic  rhetoric  about 
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ecology  ...  as  we  read  the  noble  anti-pollution  advertisements  of  those 
industries  doing  most  of  the  polluting  ...  as  we  sit  and  think  about 
the  last  TV  commercial  ...  as  we  stand  on  the  street  corner  and  utter 
our  first  opinion  about  the  quality  of  life  ...  as  we  do  all  these  and 
more,  there  is  an  undercurrent  of  activity  most  of  us  overlook. 

The  United  States  has  a  commendable  history  of  nature  centers, 
youth  museums,  and  similar  facilities  where  attention  is  given  to  our 
children,  where  we  can  help  develop  their  love  of  life.  The  number  of 
such  facilities  is  growing  each  year  in  our  country.  It’s  a  kind  of  growth 
that  rarely  hits  the  headlines,  but  it’s  a  growth  that  serves  to  prepare 
our  children  to  be  sensitive  to  and  aware  of  nature,  the  environment, 
pollution,  and  overpopulation. 

This  kind  of  a  training  center  can  perform  a  wonderful  service  to 
community  programs  in  education,  because  such  centers  are  composed 
of  a  combination  of  positive  factors. 

The  nature  center,  for  some  strange  reason,  attracts  good  teachers; 
it  also  contains  specimens — a  fossil  to  be  held  or  a  piece  of  tree  cut  by 
a  beaver  to  be  touched  rather  than  displayed  behind  a  glass;  the  center 
also  makes  it  possible  for  children  to  see  life — to  walk  in  a  field,  to 
climb  a  tree,  to  collect  microscopic  animals  from  a  pond,  and  to  see  the 
evidence  of  chlorophyll  at  work  in  the  middle  of  megalopolis.  The 
center  contains  a  wonderful  combination  of  good  teaching,  specimens, 
and  nature — a  combination  difficult  to  duplicate  in  each  schoolroom. 

The  nature  center  or  youth  museum  can  play  a  very  important  role 
in  our  renewed  desire  to  include  environmental  education  in  school 
curricula.  And  it  should,  because  here  is  where  it  can  best  be  done. 
Did  you  ever  have  to  suggest  to  a  little  boy  to  remove  his  shoes  and 
wade  in  the  water?  Did  you  ever  have  to  tell  a  little  girl  to  watch  a 
bird  hopping  around  on  the  season’s  first  snow?  Kids  are  born  “turned 
on”  to  nature.  But  somewhere  in“  our  system  we  turn  our  kids  off! 

Just  as  soon  as  we  can  find  a  way  to  encourage  all  kids  to  follow 
their  inborn  love  of  life,  just  as  soon  as  we  can  assure  a  continuity  to 
such  encouragement  throughout  the  student’s  educational  career  .  .  . 
then  we  will  be  raising  that  generation  of  citizens  who  will  not  tolerate 
environmental  degradation.  That  should  be  our  hope.  Nature  centers 
and  youth  museums  can  make  this  hope  come  true.  It’s  up  to  us. 

Shall  we  allow  our  nature  centers  and  junior  museums  to  continue 
their  excellent  teaching  programs  and  their  poverty-level  existence? 
Should  such  training  centers  have  a  higher  national  priority  in  our 
education  programs  and  in  our  thinking  and  funding?  If  so,  who  will 
take  the  leadership? 
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Modification  of  Procedures  of  DNA  Polymerase  Extraction 

from  Small  Quantities  of  Escherichia  coli  Cells 

by  HELEN  OUJESKY  and  ROBERT  FUERST 

Department  of  Biology 

Texas  Woman's  University ,  Denton  76204 

ABSTRACT 

Procedures  for  extraction  and  purification  of  DNA  polymerase  from  small  quanti¬ 
ties  of  Escherichia  coli  B  cells  were  perfected  by  modifying  previously  described 
methods  (Richardson,  et  al.,  1964).  Preparation  of  the  DNA  synthesizing  enzyme, 
through  Fraction  VI,  included  procedures  of  streptomycin  sulfate  precipitation, 
autolysis  at  30°,  ammonium  sulfate  fractionation,  acid  precipitation,  and  ethanol 
precipitation. 

Alterations  were  also  made  in  assaying  the  enzymatic  activity  of  DNA  polymerase. 
Incubation  time  of  the  assay  mixture  was  increased  to  1  hr,  and  the  radioisotope- 
labeled  DNA  products  were  collected  on  Millipore  filters  prior  to  being  washed, 
dried,  and  counted  in  a  dioxane  scintillation  cocktail. 

The  properties  of  the  DNA  polymerase  fractions  obtained  by  small-scale  prepara¬ 
tions  were  similar  to  those  of  other  bacterial  and  animal  DNA  polymerases  extracted 
by  other  investigators  from  substantially  larger  amounts  of  enzyme-containing 
materials. 


INTRODUCTION 

Since  the  description  of  biosynthesis  of  nucleic  acids  in  cell-free  en¬ 
zyme  systems  was  first  reported  (Kornberg  et  al. ,  1956)  many  modi¬ 
fications  of  procedures  for  extracting  and  purifying  DNA  polymerase 
( deoxynucleosidetriphosphate:  DNA  deoxynucleotydyl  transferase. 
EC  2 -7- 7- 7)  have  been  made  for  application  to  mammalian  cells  (Keir, 
1965;  Yoneda  and  Bollum,  1965;  Kalf  and  Ch’ih,  1968);  to  cells  of 
invertebrates  (Mazia  and  Hinegardner,  1963;  Loeb,  1969);  as  well 
as  for  other  bacteria  (Okazaki  and  Kornberg,  1964).  Most  of  the  ex¬ 
traction  procedures  for  these  studies  utilized  large  quantities  of  cells, 
ranging  from  masses  of  60  g  of  bacterial  cells  (Zimmerman,  1966)  to 
20  kg  of  Escherichia  coli  cells  and  kg  of  calf  thymus  gland  tissue  (Yon¬ 
eda  and  Bollum,  1 965 ) . 

For  some  investigations  using  partially  purified  fractions  of  DNA 
polymerase,  it  is  often  necessary  to  extract  and  purify  the  enzyme 
from  cells  on  a  small  scale.  This  paper  describes  and  outlines  in  flow¬ 
sheet  manner  preparation  of  DNA  polymerase  from  10  g  aliquots  of 
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E.  coli  cells  by  modifying  methods  of  Richardson,  et  ah  (1964)  to 
small  quantities  of  bacterial  cells. 

MATERIALS  AND  METHODS 

Frozen,  washed  E.  coli  R  cells,  cultured  on  minimal  phosphate  me¬ 
dium  (Richardson,  et  al .,  1964)  and  harvested  in  the  late  log  phase, 
were  purchased  from  the  Grain  Processing  Corporation  (Muscatine, 
Iowa) . 

Crystalline  pancreatic  DNase  and  E,  coli  DNA  polymerase,  Frac¬ 
tion  IV,  were  obtained  from  Worthington  Biochemical  Corporation. 

Unlabeled  deoxyriboside  nucleotides  were  purchased  from  P-L  Bio¬ 
chemicals.  [3H]  -dTTP  with  a  specific  activity  of  2,000-4,000  mC/mM 
was  purchased  from  Schwarz  BioResearch.  Worthington  Biochemical 
Corporation  was  the  source  of  the  calf  thymus  DNA. 

Biochemicals  used  in  the  enzyme  extraction,  purification,  and  en¬ 
zyme  assay  procedures  were  obtained  from  Nutritional  Biochemicals 
Corporation,  Mann  Research  Laboratories  and  California  Corpora¬ 
tion  for  Biochemical  Research.  Powdered  bovine  serum  albumin,  Frac¬ 
tion  V,  was  purchased  from  Armour  and  Company. 

Superbrite  glass  beads,  200  y  average  diameter,  were  purchased 
from  the  Minnesota  Mining  and  Manufacturing  Company.  The  beads 
were  washed  thoroughly  with  0.1  N  HC1  (Hess,  1965)  and  rinsed  3 
times  in  distilled  water,  dried,  and  sterilized  at  15  lbs  pressure  (121°) 
for  15  min.  Prior  to  being  used  in  the  extraction,  the  sterile  glass 
beads  were  chilled  at —20°. 

“Activated”  calf  thymus  DNA  was  prepared  by  partially  degrading 
the  DNA  with  pancreatic  DNase  I  by  the  method  of  Aposhian  and 
Kornberg  (1962). 

Protein  content  of  the  DNA  polymerase  fractions  extracted  and 
purified  in  these  studies  was  determined  by  the  method  described  by 
Bailey  (1967)  which  is  based  upon  the  reaction  of  Folin-Ciocalteu 
phenol  reagent  and  is  a  modification  of  Lowry,  et  ah  (1951 ) .  The  pro¬ 
tein  concentration  was  determined  spectrophotometrically  in  a  Model 
139  Hitachi-Perkin-Elmer  Spectrophotometer  by  measuring  the  ab¬ 
sorption  of  light  at  500  my. 

In  order  to  prepare  a  solution  of  the  [3H]  -dTTP  with  approximately 
10,000-30,000  counts/min  per  10  myM  to  be  utilized  in  DNA  poly¬ 
merase  assays,'  it  was  necessary  to  dilute  the  original  isotopic  solu¬ 
tion  and  add  unlabeled  dTTP  to  serve  as  a  carrier.  The  original  [3H]~ 
dTTP  was  diluted  to  a  volume  of  1.0  ml  with  sterile  distilled  water, 
and  0.5  ml  of  this  solution  was  then  added  to  9.5  ml  of  sterile  distilled 
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water  in  which  60  mg  of  unlabeled  dTTP  had  been  dissolved.  Aliquots 
of  this  10  ml  solution  of  [3H]-dTTP  were  then  diluted  1:100  in  0.5 
M  Tris-HCl  buffer  (pH  7.5)  so  that  the  solution  used  for  assaying 
polymerase  activity  would  possess  a  specific  activity  of  approximately 
27,700  counts/min  per  10  m/xM  in  a  0.1  ml  portion. 

Commercially  obtained  DNA  polymerase  Fraction  IV,  used  as  a 
comparison  for  the  DNA  polymerase  preparations  extracted  in  these 
studies,  was  appropriately  diluted  in  a  mixture  containing  0.05  M 
Tris-HCl  buffer  (pH  7.5),  0.1  M  ammonium  sulfate,  0.01  M  2-mer- 
captoethanol,  and  1  mg/ml  bovine  serum  albumin. 

The  DNA  polymerase  Fraction  IV  extracted  and  purified  in  the 
research  being  reported  was  diluted  1: 100,000  with  the  dilution  mix¬ 
ture  described  above  for  making  enzyme  assays.  The  same  dilution 
mixture  was  also  employed  for  making  suitable  concentrations  for  as¬ 
saying  the  other  DNA  polymerase  fractions  prepared  in  these  studies. 

DNA  polymerase  activity  was  assayed  by  modifying  the  method 
described  by  Richardson,  et  al .  (1964)  based  upon  the  incorporation 
of  either  labeled  or  unlabeled  dTTP  into  an  acid-insoluble  DNA  prod¬ 
uct.  The  reaction  mixtures  used  to  obtain  maximum  activity  were  pre¬ 
pared  in  duplicate  for  both  labeled  and  unlabeled  dTTP.  The  single 
assay  mixture  consisted  of  16.0  /xM  glycine  buffer  (pH  9.2);  2.0  /xM 
MgCl2;  0.3  /xM  2-mercaptoethanol;  10.0  m/xM  dATP;  10.0  m/xM 
dCTP;  10.0  m/xM  dTTP  or  [3H]-dTTP  (approximately  10,750 
counts/min  at  37%  efficiency);  40  m/xM  “activated”  calf  thymus 
DNA  primer;  DNA  polymerase,  0.01  to  1.0  ml  containing  0. 2-1.0 
unit  of  enzymatic  activity.  Final  volume  of  the  reaction  mixture  was 
1.0  ml.  For  some  studies  a  double  assay  reaction  mixture  was  used 
which  consisted  of  twice  the  amounts  of  all  of  the  above  mentioned 
reagents,  except  for  the  enzyme.  In  these  assays  the  same  amount  of 
enzyme  used  for  the  single  assay  mixtures  was  employed. 

The  assay  mixtures  were  incubated  1  hr  at  37°.  Upon  completion 
of  the  incubation,  the  reaction  was  stopped  by  chilling  the  tubes  at 
0-4°  for  10-15  min  prior  to  the  precipitation  of  the  DNA  product 
with  a  0.5  ml  volume  of  either  cold  1  N  perchloric  acid  or  absolute 
ethanol.  The  reagents  in  the  tubes  were  then  thoroughly  mixed  with 
the  precipitating  solution  and  returned  to  0-4°  for  an  additional  15 
min.  As  severe  quenching  resulted  in  radioisotope  samples  when  per¬ 
chloric  acid  was  used,  the  assays  using  [3H]-dTTP  were  precipitated 
with  cold  absolute  ethanol,  which  appeared  to  cause  no  serious  quench¬ 
ing.  In  order  to  make  some  valid  correlation  between  the  radioisotopic 
and  spectrophotometric  data,  as  well  as  to  compare  results  of  this  study 
with  those  of  other  investigators  (Richardson,  et  al .,  1964;  Kornberg, 
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1957;  Ressman,  et  aln  1958),  2  sets  of  duplicate  assays  utilizing  the 
unlabeled  dTTP  were  prepared  for  the  spectrophotometric  analyses. 
One  set  of  duplicate  assays  was  precipitated  with  1  N  perchloric  acid 
and  the  other  one  with  absolute  ethanol. 

Samples  of  the  precipitated  DNA  containing  incorporated  PH]- 
dTTP  were  collected  on  Millipore  filters  (13  mm  diameter,  0.22  /x  pore 
size) .  The  precipitate  was  rinsed  twice  with  3  ml  aliquots  of  cold  abso¬ 
lute  ethanol.  The  filter  was  then  air  dried  at  room  temperature  prior 
to  being  placed  into  glass  liquid  scintillation  vials  containing  10  ml 
dioxane  cocktail,  previously  prepared  with  100  g  naphthalene,  6.0  g 
2,5-diphenyloxazole  (PPO),  in  1  liter  of  1,4-dioxane  (“Baker  Ana¬ 
lyzed”  Reagent).  All  measurements  of  radioactivity  in  the  samples 
were  made  by  a  Model  1650  Beckman  Liquid  Scintillation  Counter. 

Table  1 

Buffers  employed  in  extraction,  purification,  and  assay  of  the  activity  of  the  DNA 
polymerase  Fractions  I  through  VI  from  Escherichia  coli  B  cells. 


Name  of 
buffer 

Step  in  which 
the  buffer  was 
employed 

Molar 

concentration  pH  of 

of  buffer  buffer 

Constituents  of  buffer 

Reference 

6 lycyl glycine 

Extract 

preparation 

0.05 

7.0 

2,000  ml  0.05  M  glycyl- 
giyeine  +  88  ml  0.1  N 

NaOH 

None 

Tris-HCl 

Streptomycin 

sulfate 

precipitation 

0.05 

7.5 

1,250  ml  0.2  M  Tris 
+  1,875  ml  0.1  N  HCI, 
and  di lute  to  5  1 i ters* 

Dawson  and 
Elliott  (1959) 

Potassium 

phosphate 

Streptomycin 

sulfate 

precipitation 

0.05 

7.4 

4/5  ml  0.2  M  KH2P04» 

+2,025  ml  0.2  M  K,HP0|,. 
and  dilute  to  5  liters* 

Gor?*o r I  (1955) 

Tris-HCl 

Autolysis 

0.05 

500  ml  0.2  M  Tris 
+  800  ml  0.1  N  HCI,  and 
di lute  to  2  It ters* 

Dawson  and 
Elliott  (1959) 

Potassium 

phosphate 

Ammon i um 

sulfate 

fractionation 

0.02 

7.2 

140  ml  0.2  M  KH2PO4 
+  3&0  ml  0.2  M  t^HPOfc, 
and  di lute  to  1  1 i ter* 

Gomor'i  (1955) 

Sod i urn 
acetate 

Acid 

precipitation 

■k-k 

5.55 

0.572  ml  glacial  acetic 
acid  +  6.522  -g  NaC2H302 
and  di lute  to  1  1 i ter* 
(Twelve  liters  were 
prepared. ) 

Wendel  (1968) 

Glycine 

Assay  for  DNA 

polymerase 

activity 

1.6 

9.2 

100  ml  2.0  M  glycine 
+  24  ml  2.0  N  NaOH 

Dawson  and 
Elliott  (1959) 

^Dilution  of  the  buffer  was  made  with  distilled  water. 

**The -pH  of  the  buffer  was  determined  at  an  ionic  strength  of  0.08. 

Non-radioactive  samples  precipitated  with  either  perchloric  acid  or 
absolute  ethanol  and  then  rechilled  were  collected  by  1 0  min  centrifu¬ 
gation  at  1,590  X  g  at  0°  in  a  Sorvall  RC2-B  refrigerated  centrifuge. 
The  supernatant  of  each  sample  was  carefully  removed,  and  the  pre¬ 
cipitate  was  resuspended  in  3.0  ml  0.05  M  Tris-HCl  buffer  (pH  7.5). 
The  samples,  at  room  temperature,  were  placed  in  quartz  cuvettes. 
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Escherichia  col ?  B  cells  grown  on 
potassium  phosphate  minimal  medium  for  14  hr 
to  the  late  log  phase,  washed,  and  frozen  were  partially  thawed 

Preparation  of  extract  from  cells  with  glass  beads  and 
glycyl glycine  buffer  in  a  12  oz  Waring  Blendor  Monel 
Jar  Semi -Micro  Emulsifying  Mill 


ppt. 

(disca rd) 


supernatant 
FRACTION  1 

Streptomycin  sulfate 
precipitation 


ppt 

FRACTION 

I 

Autolysis  at 


11 


30* 


supernatant 
(d i scard) 


ppt. 

(discard) 


supernatant 
FRACTION  111 


Ammonium  sulfate 
fractionation 


ppt. 

FRACTION  IV 

! 

Acid  precipitation  by 
dialysis  against  pH  5.55 
sodium  acetate  buffer 


supernatant 

(discard) 


ppt. 

(discard) 


supernatant 
FRACTION  V 

Absolute  ethanol 
fractionation 


ppt. 

FRACTION  VI 


supernatant 

(discard) 


Fig.  1.  General  outline  for  the  extraction  and  purification  of  DNA  polymerase  from 
Escherichia  coii  B  cells  carried  out  at  0-4°.  (Modified  procedure  of  Richardson,  et  ah,  (1964). 


and  the  optical  measurements  of  the  ultraviolet  absorbing  material  at 
260  m fi  were  made  on  the  Model  139  Hitachi-Perkin-Elmer  Spectro¬ 
photometer.  ' 

Methods  used  for  preparing  the  buffers  used  in  the  extraction. 
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Thawed  Cells 
(10  g) 

With  Waring  Blender  at  1/3  of  maximum  speed 
(50  volts  on  Rheostat),  mix  cells  with  6*7 
ml  0,05  M  glyey Iglyci ne  buffer  (pH  7.0) 

After  5  min,  slowly  add  30  g  acid  washed 
glass  beads  (200  p  average  diameter) 

Stir  20  min  at  speed  above 

Add  26.7  ml  0.05  M  glyey Iglyci ne 
buffer  (pH  7.0) 

Mix  10  min  at  speed  1/2  that  above  (25  volts 
on  Rheostat)  to  prevent  foaming 

Allow  glass  beads  to  settle  5” 10  min 

Decant 


Decanted  supernatant 


Broken  cell  suspension 

l 

Add  17.8  ml  0.05  M  glyey I  glycine 
buffer  (pH  7.0) 

I 

Hlx  10  min  at  reduced  force 
above  (25  volts  on  Rheostat) 

Allow  glass  beads  t© 
settle  5-10  min 

I 

Decant  and  combine 
supernatant 


Combined  supernatants 

Centrifugation 
(10  min  at  an  average 
force  of  15,500  x  g) 


ppt.  supernatant 

(discard)  FRACTION  1 

May  be  stored  at  least  2  weeks 
at  0®  wi thout  loss 
of  activity 

(Richardson,  et_  aK ,  1964) 


Fig.  2.  Fl©w  sheet  for  the  extraction  and  preparation  of  DMA  polymerase  Fraction  I. 
IThe  temperature  was  maintained  below  12°). 
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FRACTION  I 
C I , 880  ml) 

Add  1,880  ml  0,05  M  Tris 
buffer  (pH  7*5)  with  0*001  M 
EDTA 

I 

Add,  while  stirring  constantly  with  a 
magnetic  stirrer,  259.2  ml  51  streptomycin 
sulfate  over  a  45  min  period 

i 

Stir  10  min  with  magnetic  stirrer 

I 

Cent  r i fugat ion 

(10  min  at  an  average  force  of  15,500  x  g) 

I 

supernatant  ppt* 

(discard)  (approximately  5-10  g, 

wet ^weight) 

Transfer  to  600  ml 
sterl le  beaker 

Add  188  ml  0*05  H  potassium 
phosphate  buffer  (pH  7*4) 

Stir  12  hr  at  0-4®  with 
magnetic  sti rrer 

Adjust  volume  to  4?0  ml  with  0*05  M 
potassium  phosphate  buffer  (pH  7*4) 

FRACTION  11 

Hay  be  stored  for  1  month  at  0® 
without  detectable  loss  of  activity 
'(Richardson,  et_  ajL  ,  1964) 

Fig.  3.  Flow  sheet  for  the  preparation  of  DNA  polymerase  Fraction  II  by  streptomycins: 
sulfate  precipitation. 


purification,  and  assay  reactions  of  the  DNA  polymerase  Fractions 
I- VI  are  summarized  in  Table  1 . 

RESULTS  AND  DISCUSSION 

A  general  outline  of  the  extraction  and  purification  of  DNA  poly¬ 
merase  from  E.  coli  cells,  is  shown  in  Fig.  1,  and  was  prepared,  with, 
modifications,  from  the  methods  described  by  Richardson,  et  ah 
(1964). 

DNA  polymerase  was  prepared  from  small  quantities  of  E,  coll  cells 
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FRACTION  II 

(479  ml) 

I 

Adjust  to  0.003  M  MgC 1 2 
by  adding  2.8  ml  of  0.5  M  MgC 1 o 

1  . 

Incubate  the  suspension  at  30  for  7" 12  hr  , 
until  85SO%  of  the  ultraviolet-absorbing 
material  at  260  my,  present  immediately  after 
the  addition  of  MgC 1 2  ,  is  rendered  acid 
soluble,  as  determined  by  this  assay: 

1.  Remove  1  ml  sample  of  incubation 
mixture  at  intervals  of  1  hr,  and 
centrifuge  10  min  at  an  average 
force  of  15,500  x  g. 

2.  Determine  the  absorbance  of  the 
supernatant  fluid  at  260  my,  after 
1:500  dilution  is  made  in  0105  M 
Tris-HCl  buffer  (pH  7-4). 

3.  Precipitate  a  1  ml  portion  of  the 
supernatant  fluid  with  an  equal 
volume  of  cold  1  N  perchloric 
acid.  Centrifuge  10  min  at  an 
average  force  of  15,500  x  g. 

4.  After  centrifugation,  determine 
the  absorbance  (at  260  my)  of 
the  acid  soluble  fraction. 

l 

Centrifuge  10  min  at  an  average  force 
of  15,500  x  g. 


ppt.  supernatant 

(discard)  FRACTION  ill 

Stable  at  least  1  week  at  0® 
(Richardson,  et_  aj_. ,  1964) 

Fig.  4.  Flow  sheet  for  the  preparation  of  DNA  polymerase  Fraction  III  by  autolysis  at  30°. 


according  to  the  procedures  given  in  Figs.  2-7.  A  refrigerated  Sorvall 
centrifuge,  Model  RC2-B,  was  used  for  all  centrifugations.  All  extrac¬ 
tions  and  purifications  were  conducted  at  0-4°,  unless  stated  otherwise. 

Due  to  the  fact  that  the  established  methods  of  Kornberg  and  his 
associates  (Richardson,  et  ol. ,  1964;  Okazaki  and  Kornberg,  1964; 
Kornberg,  1957;  Bessman,  et  al. ,  1958;  Lehman,  et  al. 5  1958)  require 
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FRACTION  (if 
(460  ml) 

i 

Add  2.3  mil  of  0.2  M  glutathione 
and  2.3  ml  of  0.2  M  EDI A 

Over  a  60  min  period,  while  stirring 
with  a  magnetic  stirrer, 
add  138  g  (NH^SOj, 

Stir  30  min  at  4® 

r  l. 

Centrifugation 
(10  min  at  an  average 
force  of  15,500  x  g) 


ppt*  supernatant 

(discard)  | 

Over  a  60  min  period,  while 
stirring  with  a  magnetic 
stirrer  ,  add  52.3  g 
(NH^SOj, 

Stir  30  min  at  4® 

i 

Centrifugation 
(10  min  at  an  average 
force  of  15,500  x  g) 

_ I _ _ 

ppt.  supernatant 

Dissolve  In  50.6  ml  of  (discard) 

0.05  M  potassium  phosphate 
buffer  (pH  7.2) 

FRACTION  IV 

Has  been  stored  at  least  3  years 
at  -20®  without  loss  of  activity 
(Richardson,  et_  aK  ,  1964) 

Fig.  5.  Flow  sheet  for  the  preparation  of  DNA  polymerase  Fraction  IV  by  ammonium 
sulfate  fractionation. 


large  volumes  of  bacterial  cells,  the  procedures  adapted  to  the  research 
with  small  quantities  of  bacterial  cells  necessitated  some  revisions.  In 
most  instances,  it  was  found  that  the  direct  extrapolation  on  the  basis 
of  the  volume  of  the  DNA  polymerase  fraction  being  treated,  as  com¬ 
pared  with  that  in  Richardson's  publications,  could  be  utilized  in 
determining  the  amounts  of  the  various  reagents  to  use  for  the  extrac¬ 
tion  and  purification  procedures  in  these  investigations.  Variations  in 
incubation  time,  centrifugations,  or  various  other  treatments  were 
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Dialyze  12-15  hr  against 
1,750  ml  sodium  acetate 
buffer,  pH  5.55  at  an  ionic 
strength  of  0.08. 

(Change  buffer  twice  and 
keep  in  constant  motion 
with  a  magnetic  stirrer. 


Centrifugation 

(10  min  at  15,500  x  g  and  0°) 


ppt.  supernatant 

(discard)  FRACTION  V 


(immediately  subjected  to 
ethanol  fractionation) 

Fig.  6.  Flow  sheef  for  the  preparation  of  DNA  polymerase  Fraction  V  by  acid  precipitation. 

based  on  better  yield  in  the  desired  products,  availability  of  equipment 
and  prevailing  conditions. 

In  preparing  Fraction  III,  it  was  found  necessary  to  make  the  initial 
spectrophotometric  determinations  immediately  after  the  addition  of 
the  MgCl2  as  a  considerable  amount  of  ultraviolet-absorbing  material 
became  acid-soluble  within  the  first  hr  of  autolysis. 

Commercially  supplied  DNA  polymerase  Fraction  IV,  with  known 
protein  composition  and  enzymatic  activity,  was  employed  as  a 
standard  for  both  the  determination  of  protein  concentration  and 
enzyme  activity  of  the  DNA  polymerase  Fractions  I-VI  prepared  in 
these  studies. 

The  enzymatic  activity  of  the  various  fractions  (determined  by  the 
incorporation  of  [3H]-dTTP  into  the  DNA  product),  as  well  as  the 
protein  concentration  of  each  are  summarized  in  Table  2  and  are  com¬ 
pared  with  similar  data  of  Richardson,  et  al. ,  (1964)  who  prepared 
the  enzyme  fractions  in  large-scale  quantities.  It  may  be  noted  that 
similarities  in  protein  concentrations  of  Fractions  I,  III,  and  IV  were 
indicated.  The  specific  activity  of  the  DNA  polymerase  is  most  similar 
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FRACTION  V 
(50  ml) 


Add  42  yl  absolute  ethanol 
at  -20®  over  a  60  min  period, 
while  stirring  rapidly  with  a 
magnetic  sti rrer 


Stir  an  additional  10  min 

Centrifugit ion  at  0° 

(10  min  at  15,500  x  g) 


ppt.  supernatant 


Add  5.0  ml  absolute 
ethanol  (-20°)  over 
a  60  min  period 
(Sti r  constantly) 

Gradually  increase 
temperature  to  -A® 

Warm  solution  to  0® 

A1 low  to  stand  10  min 
at  0-4® 


Centrifugation  at  0® 

(10  min  at  15,500  x  g) 

I 

ppt.  supernatant 

Dissolve  in  (discard) 

16  ml  0.02  M  K2HP0lf 
solution  containing 
0.01  M  2-mercaptoethanol 

FRACTION  VI 
(Store  at  -20®) 

Fig.  7.  Flow  sheet  for  the  preparation  of  DNA  polymerase  Fraction  VI  by  ethanol  frac¬ 
tionation  at  -20°. 
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Table  2 

Comparison  of  protein  concentration  and  enzymatic  activity  of  DNA  polymerase 
Fractions  I-VI  extracted  and  purified  in  these  investigations  with  the  values  reported 
in  the  literature  for  similar  fractions  prepared  from  Escherichia  coli  B  cells. 


Determined  for 
DNA  polymerase 

DNA  polymerase  data 
Richardson,  £t  al., 

of 

(1964) 

Fraction 

Enzyme 

protein 

Enzyme 

activity 

Specific 

aetivi ty 

Enzyme 

protein 

Enzyme 

activity 

Specific 

aetivi ty 

mg/ml 

"unTt/ml 

uni t/mg 

mg /ml 

un i t/ml 

uhTtTmg 

1.  Extract 

15.6 

42,0 

2,6 

20.0 

76.08 

3. a 

11.  Streptomycin 

4.375 

46.4 

10.6 

7.3 

135.05 

18.5 

111.  Autolysis 

1.56 

266.0 

166.6 

1.6 

117.12 

73.2 

IV.  Ammonium  sulfate 

9.375 

680.0 

72.3 

9.0 

740.00 

148.0 

V.  Acid  precipitation 

2,812 

270.0 

96.4 

3.5 

700.00 

200.0 

VI.  Ethanol  precipitation 

1.56 

750.0 

468.8 

4.4 

2,596.00 

590.0 

for  Fractions  I  and  II  The  protein  concentration  of  Fraction  I,  15.6 
mg/ml,  was  actually  more  similar  to  the  15.0  mg/ml  reported  by 
Zimmerman  (1966)  for  Fraction  I  of  DNA  polymerase  from  Micro¬ 
coccus  lysodeikticus .  Protein  values  of  Fractions  II  and  YI  were  some¬ 
what  lower  than  those  of  Richardson,  et  al (1964).  The  9.4  mg/ml 
protein  concentration  in  Fraction  IV  was  almost  double  the  value  of 
Richardson  and  his  associates  for  this  fraction,  and  yet  it  closely 
approximated  the  10  mg/ml  protein  reported  for  calf  thymus  DNA 
polymerase  (Bollurn,  1960).  Although  results  of  these  purification 
procedures  were  very  reproducible,  differences  in  specific  activities  of 
the  various  fractions  from  those  previously  reported  (Richardson, 
et  al,  1964)  for  similar  preparations  were  probably  due  to  variations 
in  the  degree  of  purity  of  the  enzyme,  as  well  as  to  differences  in  pro¬ 
tein  concentration.  Fractions  which  had  high  protein  concentrations 
and  low  specific  activity  apparently  contained  nucleases  which  pre¬ 
vented  some  DNA  synthesis  by  the  polymerase.  Nucleases  are  com¬ 
monly  found  in  the  crude  polymerase  fractions.  Protein  values  re¬ 
ported  by  Bollurn  (1960)  and  Yoneda  and  Bollum  (1965),  in  which 
similar  extraction  and  purification  procedures  were  utilized  also 
showed  considerable  deviation  for  thymus  polymerase. 

Results  shown  in  Fig.  8  indicate  that  the  duration  of  the  incubation 
period  of  the  polymerase  assay  mixture  at  37°  influenced  the  efficiency 
of  the  enzymatic  synthesis  of  DNA,  Although  it  was  previously 
reported  that  the  30  min  incubation  period  was  to  be  utilized  in  this 
assay  (Richardson,  et  al,  1964) ,  our  data  indicate  maximum  incorpor¬ 
ation  of  [3H]  •  d'TTP  at  1  hr.  This  extension  is  substantiated  by  the 
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Minutes  of  Incubation 

Fig.  8.  Effect  of  the  DNA  polymerase  assay  incubation  time  ,at  37°,  on  the  amount 
©f  [3H1  -dTTP  incorporated  into  the  DNA  product  preecipitated  by  absolute  ethanol.  The 
single  assay  mixture  consisted  of  16.0  /jM  glycine  buffer  {pH  9.2);  2.0  (itA  MgCl2;  0.3 
p M  2-mereaptoethanol;  10  m//.M  dATP;  10.0  m/t M  dCTP;  10  m/iM  dGTP;  10  tn/iM  f3HJ- 
dTTP  (approximately  10,750  cpm  at  37%  efficiency);  40  rm/iM  “activated”  calf  thymus 
DNA  primer;  1  unit  of  DNA  polymerase  Fraction  IV.  The  double  assay  mixture  consisted 
of  twfc©  the  amounts  of  all  the  reaction  reagents,  except  for  the  enzyme.  One  unit  of  the 
enzyme  was  also  used  for  the  double  assay  mixture.  Radioisotopic  measurements  of  the 
precipitated  samples  in  dioxane  scintillation  cocktail  were  made  with  the  Mode!  1650 
Beckman  Liquid  Scintillation  Counter. 

reports  of  other  investigators  (Kalf  and  Ch’ih,  1968;  Mazia  and  Hme 
gardner,  1965;  Bollum,  1960). 

A  comparison  was  also  made  of  utilization  of  the  single  assay  mix¬ 
ture  proportions  with  that  of  double  the  amounts  of  all  the  components 
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except  the  enzyme.  There  was  little  difference  in  the  incorporation  of 
[3H]-dTTP  by  the  single  and  double  assay  mixtures  after  the  2  hr 
incubation  period,  while  there  was  a  decisive  difference  between  the 
two  after  1  hr  incubation.  This  may  possibly  be  attributed  to  degra¬ 
dation  of  the  enzyme  after  2  hr  incubation,  while  sufficient  substrate 
in  the  double  assay  mixture  permitted  a  greater  amount  of  DNA 
synthesis  by  the  enzyme  present  after  1  hr  incubation.  Similarly, 
Mazia  and  Hinegardner  (1963)  not  only  had  maximum  DNA  synthe¬ 
sis  at  1  hr,  but  they  also  reported  a  decrease  at  2  hr. 

Utilization  of  a  scintillation  cocktail  of  PPO,  naphthalene,  and  1,4- 
dioxane  resulted  in  greater  counting  efficiency  for  the  tritiated  thymi¬ 
dine  than  did  the  toluene  cocktail  containing  PPO  and  dimethyl 
POPOP  (unpublished  data).  Quenching  effects  of  perchloric  acid, 
utilized  by  other  investigators  for  precipitating  the  DNA  products, 
were  far  greater  than  those  of  absolute  ethanol.  Therefore,  absolute 
ethanol  was  utilized  for  precipitating  the  synthesized  products  con¬ 
taining  tritiated  thymidine. 

Procedures  described  in  this  paper  indicate  the  flexibility  of  adapting 
large-scale  methods  for  preparation  of  DNA  polymerase  (Richardson* 
et  al. ,  1964)  to  small  quantities  of  E.  coli ,  even  though  some  modifi¬ 
cations  were  necessary  to  obtain  better,  reproducible  yields. 
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Studies  of  Mature  Vessels  in  Yellow  Birch  Using 
Light,  Transmission  and  Scanning  Electron  Microscopes 

by  A.  J.  MIA  and  G.  CHAURET1 
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ABSTRACT 

The  sculpture  of  mature  vessels  of  yellow  birch  was  investigated  using  the  scan¬ 
ning  electron  microscope  combined  with  light  and  transmission  electron  microscopes. 
In  the  scanning  electron  microscope,  the  3-  dimensional  view  of  the  vessel  element 
is  revealed  as  a  tunnel-like  structure  showing  the  outermost  cell  surface  and  the 
inner  lumen  surface  of  the  cell.  The  intervessel  bordered  pits  display  a  slight  vari¬ 
ation  in  shape  ranging  from  circular  to  oval.  The  outer  pit  aperatures  are  usually 
elliptical  in  shape  whereas,  the  inner  apertures  are  shown  to  be  slit-like.  In  no 
instance,  was  there  any  evidence  that  adjacent  bordered  pits  fused  to  form  confluent 
structures.  The  secondary  wall  of  vessels  may  be  described  as  consisting  of  3  main 
layers — St,  S2  and  S3.  However,  one  may  encounter  in  some  cells  strands  of  micro¬ 
fibrils  upon  the  S3  layer  (lumen  surface)  oriented  parallel  to  the  longitudinal  axis 
of  the  cell.  The  pit  membrane  is  usually  covered  by  S3  layer  which  extends  as 
continuous  layer  through  the  pit  chamber.  The  presence  of  this  layer  on  pit  mem¬ 
brane  may  influence  the  drying  behavior  of  wood  and  regulate  the  penetration  of 
preservatives  into  wood  used  in  service. 

INTRODUCTION 

Of  all  the  xylem  cells  in  higher  vascular  plants,  tracheids  in  gymno- 
sperms  and  vessel  elements  in  angiosperms  have  been  most  extensively 
investigated  using  light  and  electron  microscopy.  These  cell  elements 
are  used  as  an  aid  in  identifying  wood  and  plant  species  (Esau,  1964; 
Metcalfe  and  Chalk,  1950;  Panshin,  et  al 1964),  and  in  linking  the 
phylogenetic  events  in  the  process  of  evolution  of  vascular  plants 
(Bailey,  1954;  Esau,  1964;  Frost,  1930,  1931).  They  conduct  water 
and  minerals  essential  for  metabolism  from  the  soil  through  the  roots 
into  remote  aerial  parts  of  plant  (Kramer  and  Kozlowski,  1960). 
Tracheids  and  vessels  are  also  of  particular  interest  in  wood  technology 
because  of  the  presence  of  bordered  pits  which  are  known  to  affect  the 
process  of  drying  and  permeability  of  wood  to  preservatives.  Owing 
to  their  importance  in  diverse  fundamental  and  applied  research, 
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attention  was  drawn  to  study  the  ultrastructure  of  bordered  pits, 
especially  of  pit  membranes  in  coniferous  tracheids  (Cote,  1958;  Frey- 
Wyssling,  et  al.}  1956;  Liese,  1965;  Nicholas  and  Thomas,  1968). 
However,  little  attention  was  paid  to  the  architecture  of  vessel  elements 
using  the  scanning  electron  microscope  combined  with  light  and  trans¬ 
mission  electron  microscopy.  The  scanning  electron  microscope  per¬ 
mits  observations  on  a  split  surface  of  dried  and  otherwise  untreated 
wood  blocks  at  higher  magnifications  and  gives  the  3-dimensional  view 
of  these  tubular  cells,  because  of  greater  depth  of  focus  than  the  con¬ 
ventional  light  microscopes.  Findlay  and  Levy  (1969),  and  Kimoto 
and  Russ  (1969)  have  discussed  the  advantages  of  the  scanning  elec¬ 
tron  microscope  for  the  investigation  of  wood  structure  and  metallurgi¬ 
cal  specimens  respectively. 

In  botanical  and  wood  anatomical  research,  the  use  of  the  scanning 
electron  microscope  has  been  limited  to  studies  of  pollen  grains  (Heslop- 
Harrison,  1969),  leaf  surface  (Bystrom,  et  al. ,  1968),  tylosis  (Ishida 
and  Ohtani,  1968),  and  either  fractured  or  altered  surfaces  of  tra¬ 
cheids,  which  were  originated  almost  exclusively  from  coniferous 
wood  (Buchanan  and  Washburn,  1962).  Therefore,  in  this  report, 
attention  has  been  focused  upon  the  normal  wall  sculpture  of  the 
vessels  from  dry  and  otherwise  untreated  wood  of  an  angiospermous 
plant.  This  study  also  incorporates  description  of  vessels  from  one 
species  of  plant,  seldom  done  using  all  3,  light,  transmission,  and 
scanning  electron  types  of  microscope. 

Literature  pertaining  to  studies  of  vessel  structure,  especially  at  the 
light  microscope  level,  is  voluminous  (Bailey,  1594;  Esau,  1964; 
Jeffrey,  1917)  and  not  possible  to  discuss  here.  Brief  mentoin  will  be 
made  of  certain  structural  and  developmental  features  of  vessels  con¬ 
cerning  the  current  study.  Vessel  structure  was  first  illustrated  as  early 
as  1686  by  Malpighi  (Freund,  1951),  who  showed  annular  thickening 
of  the  secondary  wall  in  vessels  of  Castanea ,  a  genus  belonging  to  the 
angiosperms.  Since  then,  and  concurrent  with  improvement  of  the 
light  microscope,  there  have  been  many  studies  carried  out  on  vessel 
structure.  In  one  such  study  Mohl  (Freund,  1951)  postulated  the 
“apposition  theory”  of  cell  wall  deposition  and  further  recognized  the 
primary  and  secondary  walls  in  xylem  cells.  Kerr  and  Bailey  (1934) 
first  reported  the  secondary  walls  of  tracheids,  fibers,  and  vessels  as 
composed  of  3  main  layers.  After  the  transmission  electron  microscope 
was  introduced,  the  wall  structure  of  vessels  was  closely  scrutinized  to 
determine  its  sub-microscopic  nature  (Harada,  1965;  Wardrop,  1965). 
Now  the  wall  of  the  vessels  is  usually  described  as  consisting  of  a 
middle  lamella,  primary  wall,  and  3  main  layers  (Si,  S2,  S3)  of  second- 
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ary  wall.  Numerous  bordered  pits  occur  in  the  secondary  wall,  each 
pit  consisting  of  an  outer  aperture  which  is  usually  circular  in  face 
view  and  a  lenticular  or  slit-like  inner  aperture  opening  into  the 
vessel  lumen  (Esau,  1964).  Schmid  (1965)  described  the  pit  apertures 
as  circular,  elliptical,  or  slit-like,  disregarding  the  actual  position  of  the 
pit  aperture  in  the  vessel.  The  pit  apertures  in  yellow  birch  are 
reported  to  be  confluent  (Panshin,  et  al. ,  1964).  This  paper  described 
new  features  of  the  secondary  wall  sculpture  of  yellow  birch  with 
reference  to  previous  work. 

MATERIALS  AND  METHODS 

Vessels,  containing  bordered  pits,  were  obtained  from  heartwood  of 
yellow  birch,  Betula  alleghaniensis  Britton.  For  light  microscope 
studies,  12-  to  15 -micron  sections  were  cut  with  a  sliding  microtome. 
Permanent  slides  were  made  using  “water  mounts”  subsequent  to 
staining  with  either  hematoxylin  and  safranin,  or  safranin  only.  Small 
pieces  of  wood  were  macerated  in  Jeffrey’s  solution  containing  equal 
parts  of  10%  nitric  acid  and  10%  chromic  acid  for  observations  on 
isolated  vessels  under  bright  field  and  polarizing  objectives. 

For  ultrathin  sectioning  for  transmission  electron  microscopy,  small 
pieces  of  wood  were  fixed,  dehydrated,  and  embedded  in  epon  accord¬ 
ing  to  a  procedure  outlined  previously  (Mia,  1968).  Carbon  replicas, 
using  a  modified  technique  of  Cote,  et  al .,  (1964)  were  prepared  from 
the  exposed  surfaces  of  wood  made  by  longitudinal  splits  in  the  radial 
and  tangential  planes.  This  modification  is  mainly  related  to  the 
removal  of  paraffin  support,  which  is  commonly  done  using  condensed 
vapour  from  boiling  benzene  or  xylene  in  a  reflux  apparatus.  In  the 
present  method,  the  paraffin  support  of  the  replicas,  is  removed  in  2 
steps.  The  replica,  subsequent  to  the  making  of  the  paraffin  support 
and  the  removal  of  wood  by  acid  treatments,  was  placed  on  a  bare 
copper  grid,  which  was  then  placed  on  filter  paper  in  a  small  petri  dish. 
The  petri  dish  including  the  grids  was  heated  at  96 °C  in  an  air-draft 
oven  for  20  to  30  mins.  After  this  treatment,  the  grid  was  submerged 
in  pure  xylene  for  20  to  30  mins,  for  complete  removal  of  paraffin. 
Careful  manipulation  of  the  grid  ensures  excellent  preparation  of 
intact  replicas. 

For  the  scanning  electron  microscope  studies,  the  air-dried  wood 
samples  were  split  open  to  expose  the  tangential  and  radial  planes. 
The  exposed  surfaces  were  coated  with  gold  by  evaporation  simul¬ 
taneously  from  2  sources  at  0°  and  45°  angles  in  a  vacuum  evaporator. 
These  materials  were  immediately  examined  in  the  scanning  electron 
microscope. 
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OBSERVATIONS  AND  DISCUSSION 

Light  Microscopy 

A  critical  study  of  the  vessels  in  yellow  birch  has  not  been  under¬ 
taken  (Hale,  1952;  Jane,  1956;  Panshin,  ei  ah ,  1964),  though  for 
many  years  this  species  of  timber  plant  has  been  commercially  ex¬ 
ploited,  especially  in  North  America.  Yellow  birch  wood  is  typically 
diffuse  porous  with  annual  rings  in  which  the  vessels  are  dispersed 
sporadically,  and  demarcated  each  year  by  a  narrow  band  of  flat  thick- 
walled  fibers  (Fig.  1).  In  transverse  sections,  usually  2  to  several 
vessels  appear  in  radial  rows  (Fig.  2) .  The  radial  arrangement  of  the 
vessels  is  of  utmost  interest  for  learning  the  structure  of  the  intervessel 
bordered  pits  in  replica  and  scanning  electron  microscope  preparations. 
The  radial  arrangement  of  the  vessels  facilitates  opening  up  the  pits 
at  different  depths  by  longitudinal  splits  for  viewing  the  exposed 
tangential  surfaces  of  the  vessel  elements. 

The  shape  of  the  vessels,  as  observed  in  cross-sections,  is  commonly 
hexagonal  (Figs.  1,  2).  The  size  of  vessel  elements  in  yellow  birch  is 
small  with  an  average  length  and  diameter  found  in  this  study  in  the 
order  of  830  and  85  microns  respectively.  Panshin,  et  ah ,  (1964)  have 
recorded  that  the  diameter  of  vessels  in  this  species  is  approximately 
100  microns.  The  degree  of  variation  in  vessel  diameter  may  be 
attributed  to  their  position  in  relation  to  the  height  and  distance  from 
the  pith  of  the  tree. 

The  scalariform  perforation  plate  is  usually  inclined  and  terminal 
(Fig.  3),  but  its  occurrence  in  a  lateral  position  of  the  vessel  wall  is 
not  uncommon.  Each  bar  of  a  perforation  plate  consists  of  a  middle 
lamella  and  2  primary  walls  (Esau,  1964).  The  amorphous  and  crys¬ 
talline  nature  of  the  bar  wall  is  revealed  under  polarizing  illumination, 
in  which  the  middle  lamella  remains  inert  (isotropic),  while  the  pri¬ 
mary  walls  appear  strongly  birefringent  (Fig.  4).  The  perforation- 
plate  bar  is  distinguishable  from  the  intervessel  walls  due  to  its  lack 
of  pits  and  continuity  of  the  middle  lamella.  In  contrast,  the  middle 
lamella  in  the  intervessel  walls  is  discontinuous  due  to  the  presence 
of  bordered  pits  (Fig.  5,  arrow) . 

The  distribution  pattern  of  numerous  bordered  pits  with  apparent 
slit-like  pit  apertures,  is  alternate  (Fig.  3).  These  pits  are  small  and 
uniform  in  size  with  average  diameter  of  3  microns.  The  distribution 
of  bordered  pits  is  usually  interrupted  at  the  ray-cell  crossings,  at 
which  points  the  walls  of  the  ray  cells  and  vessels  appear  in  close 
contacts  (Fig.  6).  Under  polarizing  illumination,  these  walls  of  ray 
crossings  become  apparent  due  to  pronounced  birefringence  (Fig.  6). 
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Fig.  1 .  Light  micrograph  showing  vessels  and  a  narrow  band  ©f  flat  thick-walled  fibers 
in  cross-section.  X 375. 

Fig.  2.  Light  micrograph  showing  4  vessels  in  radial  arrangement  in  cross-section.  X375. 
Fig.  3.  Light  micrograph  of  vessels  showing  inclined  terminal  perforation  plate.  X375. 
Fig.  4.  Perforation-plate  bar  ©f  2  vessels  showing  birefringence  ©f  primary  walls  and 
Inert  middle  lamella  under  polariied-lighf,  X540. 

Fig.  5.  Middle  lamella  showing  discontinuity  due  to  intervessel  pits  under  polarized 
light.  X625. 
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Preston  (1939)  described  the  relationship  between  the  ray  and  vessel 
contacts  in  the  spring  wood  of  several  hardwood  plants. 


Transmission  and  Scanning  Electron  Microscopy 

Several  studies  of  vessels  have  emphasized  wall  structure,  bordered 
pits  and  the  pit  membranes  (Cote,  1958;  Harada,  1965;  Robards  and 
Humpherson,  1967;  Schmid,  1965;  Schmid  and  Machado,  1968). 
These  studies  did  not  describe  the  overall  features  of  the  vessels  in  one 
individual  species  nor  the  3-  dimensional  sculpture  of  these  vascular 
cell  elements. 

In  the  scanning  electron  microscope,  the  vessel  element  is  revealed 
as  a  tunnel-like  structure  showing  bordered  pits  in  the  outer  wall  and 
parallel  bars  in  the  inner  wall  (Figs.  7,  17).  In  Figure  7,  the  outer 
surface  at  left  represents  the  Si  layer  of  the  secondary  wall  containing 
bordered  pits  with  an  alternate  distribution  pattern.  This  arrangement 
of  pits  can  easily  be  visualized  under  a  bright-field  objective  (Fig.  3). 
Their  surfaces  appear  to  range  from  circular  to  oval  shape  (Figs.  8, 
15).  The  lumen  of  the  vessel  shows  the  inner  surface  of  the  S3  layer 
(Fig.  7)  which  is  described  in  detail  later. 

A  face  view  of  the  pit  membrane  prepared  by  single  stage  carbon 
replica  technique  is  presented  in  Figure  9.  The  membrane,  appearing 
as  a  circular  to  oval  disc,  contains  non-cellulosic  wall  substances  in 
which  the  cellulose  microfibrils  remain  embedded.  The  incrustation 
of  the  pit  membrane  may  appear  as  a  finely  granulated  surface  (Fig. 
9),  possibly  depending  upon  the  layer  of  pit  membrane  replicated. 
The  pit  membrane  with  granular  structures  has  been  observed  in  the 
scanning  electron  microscope  (Fig.  8).  The  pit  membrane,  aspirated 
(Fig.  9,  arrow)  and  containing  incrustation,  may  reduce  permeability 
and  prevent  diffusion  of  wood  preservatives  and  the  filtering  out  of 
particles.  The  cellulosic  phase  of  the  pit  membrane  containing  micro¬ 
fibrils  is  observable  after  extraction  of  non-cellulosic  wall  substances 
by  treating  the  wood  samples  in  a  solution  containing  equal  parts  of 
hydrogen  peroxide  and  glacial  acetic  acid.  Figure  10  is  an  electron 
micrograph  showing  microfibrils  with  the  loosely- woven  texture  that 
is  commonly  observed  in  the  extracted  pit  membranes. 

In  yellow  birch,  the  pit  membrane  is  usually  covered  by  S3  layer. 
This  layer  is  extended  into  the  pit  chamber  and  on  to  pit  membrane 
as  a  continuous  layer  which  is  apparent  in  ultrathin  radial  section  of 
the  intervessel  pits  (Fig.  11,  arrow)  and  the  pits  between  the  vessel 
and  the  ray  cell  (Fig.  12,  arrow).  To  confirm  the  presence  of  S3  layer 
within  the  bordered  and  half-bordered  pits,  we  examined  as  many  as 
35  such  pits.  In  all  these  pits,  we  observed  the  intrusion  of  S3  layer. 
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Fiy.  «...  ■  oiurized  light  micrograph  of  vessel  showing  2  strands  of  microfibrils  running 
along  the  long  axis  of  the  vessel.  X625. 

Fig.  7.  Scanning  electron  micrograph  showing  tunnel-like  3-dimensional  view  of  a  vessel. 
X450. 

Fig.  8.  Scanning  electron  micrograph  of  intervessel  pit  membrane  showing  the  granu¬ 
lar  surface  of  the  membrane  and  the  secondary  wall  (S2)  without  any  granulation. 

XI  3,000. 

Fig.  9.  Transmission  electron  micrograph  showing  replica  of  intervessel  pit  membrane 
with  incrustation  and  aspirated  pit  (arrow).  XI  3,200. 

Fig.  10.  Transmission  electron  micrograph  showing  replica  of  intervessel  piit  membrane 
with  loosely-woven  texture  of  microfibrils  after  chemical  extraction.  X24,Q00. 
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Fig.  11.  Transmission  electron  micrograph  of  ultrathin  section  showing  the  intervessel 
pi?  membrane  with  Sg  layer  (arrow)  extended  into  the  pit  chamber  and  on  to  pit  mem¬ 
brane  as  a  continuous  layer.  X9,200. 

Fig.  12.  Transmission  electron  micrograph  of  ultrathin  section  showing  the  pit  mem¬ 
brane  between  the  vessel  and  the  ray  cell.  Note  the  S3  layer  (arrow)  is  extended  into  the 
pit  chamber  in  the  same  manner  as  in  previous  picture.  X9,20Q. 
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Schmid  and  Machado  (1968)  described  the  pit  membrane  of  some 
leguminous  species  as  complex  structure  with  respect  to  its  physical 
and  chemical  compositions,  but  no  S3  layer  was  detected  on  the  pit 
membrane. 

A  rare  tangential  view  of  the  2  intervessel  bordered  pits  in  which 
the  2  narrow  ends  of  the  funnel-shaped  pits  are  seen  to  converge  with 
the  central  pit  membrane  is  demonstrated  in  Figure  13  (replica  prepar¬ 
ation)  .  The  outer  margins  of  the  pits  are  shown  to  open  up  into  narrow 
slits.  On  some  occasions,  one  may  encounter  vestures  within  the  canal 
of  these  pits  (Fig.  14,  arrow) . 

The  surface  view  of  the  S2  layer  containing  numerous  bordered  pits 
with  elliptical  or  slit-like  pit  openings  is  shown  in  Figure  15  (scanning 
electron  micrograph).  Such  pit  openings  are  extended  through  the 
inner  surface  of  the  S2  layer  (Fig.  16,  arrow)  and  into  the  S3  layer 

(Kgs.  16,17). 

The  organization  of  inner  layer,  corresponding  to  the  S3  layer,  is 
less  understood  than  its  Si  and  S2  counterparts  and  it  is  usually 
described  in  connection  with  the  occurrence  of  warts  (Schmid,  1965). 
In  the  scanning  electron  microscope,  the  S3  layer  appears  to  contain 
many  bars  which  are  joined  by  lateral  walls  (Figs.  16,  17)  and  many 
slit-like  pit  openings.  A  rare  view  of  the  pit  openings  in  the  S3  layer 
was  achieved  (replica  preparation)  to  show  that  the  pit  usually  opened 
singly  and  in  groups  of  3  that  were  localized  in  a  spindle-shaped 
groove  (Fig.  18,  arrow).  However,  the  pit  openings  are  independent 
of  one  another.  This  observation  contradicts  the  earlier  contention  that 
either  the  S3  layer  is  composed  of  spiral  thickening  (Preston,  1939), 
or,  in  yellow  birch  specifically,  contains  pit  apertures  with  a  few 
adjacent  apertures  which  fuse  to  form  a  confluent  aperture  (Panshin, 
et  al 1964) . 

In  yellow  birch,  the  presence  of  a  warty  layer  on  the  lumen  side  of 
the  vessel  was  not  observed  either  in  the  scanning  electron  micrographs 
(Figs.  7,  16,  17,  19)  or  in  the  replicas  made  for  transmission  electron 
microscopy  (Figs.  13,  18) .  The  presence  of  a  warty  layer  in  the  vessels 
of  several  hardwood  species  was  reported  earlier  by  some  authors 


Fig.  13.  Transmission  electron  micrograph  from  replica  showing  tangential  view  of 

funnel-shaped  bordered  pits.  X8,400. 

Fig.  14.  Transmission  electron  micrograph  from  replica  showing  bordered  pits  and 
vestures  (arrow)  in  the  pit  canals.  X9,0Q0, 

Fig.  15.  Scanning  electron  micrograph  of  surface  view  of  vessel  showing  bordered  pits 
with  lenticular  pit  apertures.  X2,600. 

Fig.  16.  Scanning  electron  micrograph  showing  lumen  side  of  the  vessel  with  Sg  layer 
and  inner  surface  of  S2  layer.  X975. 
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Fig.  17.  Scanning  electron  micrograph  showing  inner  surface  of  $3  layer  of  vessel  with 
slit-like  pit  apertures.  X4,400. 

Fig.  18.  An  equivalent  picture  shown  in  Figure  17  taken  from  replica  by  transmission 
electron  microscope  to  show  the  slit-like  pit  apertures.  XI  1 ,000. 

Fig.  19.  Scanning  electron  micrograph  showing  the  lumen  surface  of  a  vessel  and  2 
strands  of  microfibrils  running  along  the  long  axis.  XI, 600. 

Fig.  20.  Scanning  electron  micrograph  showing  the  perforation  plate  of  a  vessel.  X650. 

Fig.  21.  Transmission  electron  micrograph  (replica)  showing  the  microfibrils  streaming 
into  the  perforation-plate  bars.  X4,000. 
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(Liese,  1957,  1965;  Schmid,  1965).  However,  in  the  lumen  of  the 
vessels  in  yellow  birch,  one  may  occasionally  observe  long  strands  of 
microfibrils  inner  to  the  S3  layer  (Fig.  19).  These  strands  of  micro¬ 
fibrils,  hitherto  unreported,  usually  run  along  the  longitudinal  axis  of 
the  vessel  as  observed  in  the  replica  preparation  and  in  the  scanning 
electron  micrograph  (Fig.  19).  In  the  light  microscope,  such  strands 
of  microfibrils  were  visible  in  the  macerated  vessel  elements  (Fig.  6) . 

The  terminal  perforation  plate,  usually  scalariform,  may  be  ob¬ 
served  in  the  scanning  electron  microscope  (Fig.  20),  and  in  the  light 
micrograph  (Fig.  3).  The  perforation  plate  possesses  bars,  parallel  to 
each  other,  which  are  usually  narrower  in  the  middle  than  on  the 
lateral  margin  of  the  plate  (Fig.  20).  One  may  observe  (Fig.  21)  the 
microfibrils  streaming  from  the  margin  of  the  plate  into  the  bars. 

CONCLUSION 

The  scanning  electron  microscope  is  a  powerful  tool  for  studying 
the  surface  and  microstructure  of  vessels,  tracheids,  fibers  and  possibly 
a  variety  of  specialized  cell  types,  such  as  collenchymas,  sieve  cells, 
sieve  tubes,  and  sclereids.  To  obtain  fuller  knowledge  of  the  sculpture 
and  the  structure  of  the  cell,  it  is  essential  that  light  and  transmission 
electron  microscopy  be  used  to  complement  the  results  obtained  by  the 
scanning  electron  microscope.  There  has  been  little  attention  paid  to 
the  study  of  normal  structures  of  the  specialized  cells,  and  therefore, 
the  field  is  open  for  extensive  exploration  to  obtain  the  wealth  of 
information  in  the  fields  of  plant  anatomy,  taxonomy,  and  wood 
technology. 

From  the  preceding  text,  one  gains  the  impression  that  the  appli¬ 
cation  of  the  combined  techniques  of  light,  transmission  and  scanning 
electron  microscopy  can  be  useful  in  characterizing  clearly  the  nature 
of  the  vessel  elements  in  yellow  birch.  In  particular,  the  tube-like 
vessel  element,  which  appears  flat  in  face  view  in  the  light  and  trans¬ 
mission  electron  microscopes,  is  resolved  to  display  the  3-dimensional 
tunnel-like  sculpture,  showing  the  outer  and  inner  surfaces  of  the 
vessel  element  in  the  scanning  electron  microscope.  In  the  light  micro¬ 
scope,  due  to  marginal  resolving  power  of  the  objective  lenses,  the 
outer  apertures  of  the  neighbouring  bordered  pits  of  the  vessel  element 
appear  to  be  confluent  due  to  fusion  of  2  or  3  apertures.  This  state  of 
the  pit  apertures  has  been  clarified  in  the  transmission  and  scanning 
electron  microscopes  as  being  individual  apertures.  These  apertures 
are  separated  from  one  another  by  well-defined  pit  border  and  they 
were  never  observed  to  be  confluent.  The  inner  pit  apertures  that  open 
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into  the  lumen  of  the  vessel  element  occur  in  groups;  each  group  con¬ 
taining  3  apertures  in  a  row  being  confined  to  a  groove.  In  the  lumen 
of  the  vessel  element  and  upon  the  S3  layer,  strands  of  microfibrils 
were  sometimes  encountered  which  appeared  to  be  oriented  longi¬ 
tudinally  along  the  long  axis  of  the  vessel  element.  These  strands  of 
microfibrils  were  observed  in  the  light,  transmission  and  scanning 
electron  microscopes. 
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Spawning  Behavior  of  Ictalurus  natalis  (LeSueur) 
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ABSTRACT 

Two  pairs  of  yellow  bullheads  were  induced  to  spawn  in  captivity  by  injecting 
the  females  with  ground  acetone-dried  carp  ( Cyprinus  carpio)  pituitaries.  One  male 
received  injections  of  testosterone  propionate;  the  other  male  received  no  injections. 
Spawning  behavior  of  the  yellow  bullhead  is  similar  to  that  of  other  members  of 
Ictaluridae.  The  female  excavates  the  nest  with  no  help  from  the  male.  In  the 
spawning  embrace,  male  and  female  lie  side-by-side  facing  opposite  directions.  Each 
fish  twists  Its  caudal  fin  over  the  head  of  the  other  and  the  male  arches  his  ventral 
parts  toward  the  female’s  urogenital  area.  After  several  embraces  the  eggs  are 
deposited.  When  spawning  is  complete,  the  male  chases  the  female  from  the  nest 
and  then  returns  to  fan  and  guard  the  nest  site. 

INTRODUCTION 

Although  Breder  and  Rosen  (1966)  and  Fowler  (1917)  have  stated 
that  the  spawning  behavior  of  the  yellow  bullhead,  Ictalurus  natalis 
(LeSueur),  is  apparently  identical  to  that  of  I.  nebulosus  (LeSueur) 
and  L  melas  (Rafinesque)  there  are  no  published  records  of  the  yellow 
bullhead  spawning  act.  The  following  is  an  account  of  the  methods 
used  to  induce  yellow  bullhead  spawning  in  captivity  and  the  behavior 
exhibited  during  the  spawning  act. 

MATERIALS  AND  METHODS 

Two  pairs  of  yellow  bullheads  were  used  for  this  study.  One  male 
and  female,  designated  as  pair  number  one,  weighed  253  gm  and  201 
gm,  respectively;  the  other  male  and  female,  designated  as  pair  num¬ 
ber  2,  weighed  393  gm  and  254  gm,  respectively.  The  fish  were  col¬ 
lected  on  13  September  1968  from  a  lake  at  the  Blue  Cloud  Abbey  near 
Milbank,  South  Dakota.  They  were  then  held  in  a  6-foot  metal  stock 
tank  until  they  were  separated  into  pairs  and  placed  in  a  separate  90- 
gallon  glass  observation  aquaria.  The  water  temperature  in  both  the 
holding  tank  and  the  aquaria  was  maintained  between  23°  and  25°  C. 
The  light  period  was  maintained  at  16  hours  (0500-2100  hrs.).  At 
opposite  ends  of  both  observation  aquaria  there  was  a  100-gallon  per 
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hour  charcoal  filter.  The  floors  of  both  observation  aquaria  were 
covered  with  one  inch  of  roofing  gravel.  The  fish  were  fed  Tenebrio 
larvae  and  chopped  beef  liver  daily. 

Both  female  yellow  bullheads  were  induced  to  spawn  by  injections 
of  4.8  mg/fish  of  ground  acetone-dried  carp  ( Cyprinus  carpio)  pitui- 
taries  mixed  with  12,000  units  of  penicillin-G  and  one  ml  of  distilled 
water.  I  followed  the  methods  recommended  by  Clemens  and  Sneed 
(1960:3)  for  collection,  preservation,  and  intraperitoneal  injection  of 
fish  pituitaries.  I  had  used  the  same  methods  earlier  to  induce  black 
bullhead  spawning  in  aquaria  (Wallace,  1967).  Carp  pituitaries  used 
in  the  yellow  bullhead  injections  were  removed  from  live  carp  on  10 
and  11  July  1968.  The  donor  carp  weighed  from  one  to  6  pounds  and 
were  assumed  to  be  mature. 

The  female  of  pair  one  received  12  injections  of  carp  pituitaries.  The 
injections  were  begun  on  24  September  1968  and  repeated  every  4th 
day  until  27  October.  The  male  of  pair  one  received  9  injections  of 
.01  gm  testosterone  propionate  dissolved  in  one  ml  peanut  oil.  The 
male  received  an  injection  every  other  day  from  12  October  to  28 
October. 

The  female  of  pair  2  received  11  injections  of  carp  pituitaries  be¬ 
tween  15  December  and  20  January.  These  injections  were  also 
repeated  every  4th  day,  except  for  21-30  December  when  no  injections 
were  given.  The  male  of  pair  2  received  no  testosterone  injections. 

RESULTS  AND  DISCUSSION 

Pair  one  of  the  yellow  bullheads  spawned  at  9:30  a.m.,  20  October 
1968;  pair  2  spawned  at  4:00  p.m  ,  22  January  1969.  The  following 
description  refers  to  the  behavior  of  both  pairs  except  where  differences 
are  noted. 

The  female  began  the  spawning  behavior  by  excavating  a  nest  in 
the  aquarium  gravel.  The  excavation  was  accomplished  mainly  by 
side-to-side  fanning  of  the  anal  and  caudal  fins  and  downward  fanning 
of  the  pelvic  fins.  The  female  also  pushed  pebbles  out  of  the  nest  with 
her  snout  and  carried  gravel  away  from  the  nest  in  her  mouth.  The 
male  had  no  part  in  excavating  the  nest  until  it  was  nearly  complete. 
Then  he  entered  the  nest  site  and  violently  fanned  it  with  his  anal 
and  caudal  fins. 

The  only  differences  in  the  spawning  behavior  of  the  2  pairs  were 
nest  location  and  degree  of  nest  excavation.  Pair  one  located  their  nest 
in  an  open  area  near  one  end  of  the  aquarium.  Their  nest  was  rela¬ 
tively  large  and  completely  excavated  to  the  slate  floor  of  the  aquar- 
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ium.  Pair  2  located  their  nest  near  the  center  of  the  aquarium  in  a 
narrow  space  between  the  aquarium  side  and  a  large  rock.  This  space 
was  barely  large  enough  for  one  fish.  The  nest  was  only  a  shallow 
depression  in  the  bottom  gravel,  not  completely  excavated  to  the 
aquarium  floor.  Similar  variations  in  brown  bullhead  nest  location  and 
construction  have  been  reported  by  Breder  (1939) . 

As  the  nest  site  neared  completion,  the  fish  stayed  close  together  and 
maintained  almost  constant  body  contact  with  their  chin  barbels.  The 
female’s  lighter  body  color  and  swollen  abdomen  made  her  easy  to 
distinguished  at  this  time. 

The  spawning  act  of  these  2  pairs  of  yellow  bullheads  was  similar 
to  the  spawning  act  of  other  members  of  the  Ictaluridae  as  described 
by  Breder  (1935),  Fontaine  (1944),  Clemens  and  Sneed  (1957)  and 
Wallace  (1967). 

The  male  and  female  lay  side-by-side  in  the  nest  facing  opposite 
directions.  In  this  position  they  began  the  spawning  embrace.  The 
male  twisted  his  caudal  fin  over  the  female’s  eyes  and  head,  and  the 
female  twisted  her  caudal  fin  over  the  eyes  and  head  of  the  male.  The 
male’s  mouth  opened  slightly  and  he  arched  the  ventral  part  of  his 
body  upwards  toward  the  female’s  urogenital  area.  The  female’s 
mouth  remained  closed  and  her  body  was  not  arched.  This  spawning 
embrace  occurred  several  times  without  eggs  being  deposited. 

When  actual  spawning  occurred  it  was  completed  quickly.  The  first 
pair  finished  spawning  in  an  hour,  embracing  4  times  and  depositing 
eggs  each  time.  The  2nd  pair  finished  their  egg  deposition  after  only 
3  fruitful  embraces.  After  each  spawning  embrace  the  fish  separated 
and  rested  on  the  bottom. 

When  spawning  was  completed,  the  male  replaced  the  female  and 
guarded  and  fanned  the  nest  of  eggs.  He  fanned  violently  side-to-side 
with  the  anal  and  caudal  fins  and  up-and-down  with  the  pelvic  fins. 
The  male  often  yawned  enormously  over  the  nest.  Breder  (1935) 
observed  this  frequent  yawning  by  the  brown  bullhead  and  stated  that 
it  may  help  to  renew  the  water  surrounding  the  eggs.  As  he  guarded 
the  nest,  the  male  became  increasingly  aggressive  toward  the  female, 
finally  opening  his  mouth  and  chasing  her  completely  away  from  the 
nest  site. 

The  nest  of  pair  2,  located  between  a  rock  and  the  aquarium  side, 
was  too  small  for  both  fish  to  enter  during  spawning.  Consequently, 
pair  2  spawned  about  3  inches  away  from  the  excavated  nest.  After 
spawning,  the  male  then  ignored  the  egg  clutch  and  fanned  and 
guarded  the  empty  nest. 
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Egg  clutches  from  both  pairs  contained  a  total  of  only  about  200 
eggs.  The  eggs  were  approximately  3  mm  in  diameter.  Both  egg 
clutches  were  fertile.  Eggs  from  pair  2  were  preserved  and  found  to 
be  in  the  4-cell  stage  3  hours  after  spawning. 
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Age  and  Growth  of  White  Crappie  in 
Lake  Ie.xo.ma,  Oklahoma,  from  1942  to  1962 
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ABSTRACT 

The  age  and  growth  data  from  2610  Lake  Texoma  white  crappie,  Pomoxis 
annularis ,  taken  from  5  different  sources  were  combined  to  give  a  growth  history 
from  1942  to  1962.  The  growth  history  shows  a  steady  increase  in  fish  length  with 
age,  while  a  general  decrease  in  annual  increment  occurred  with  age.  There  was 
little  overlap  in  fish  lengths  in  age  groups  I  and  II,  with  an  increasing  amount  of 
overlap  among  older  age  groups.  Annulus  formation  on  the  scales  of  Lake  Texoma 
white  crappie  appears  to  range  from  late  March  to  early  June.  The  vast  majority  of 
fish  resume  growth  during  April  and  May  with  the  younger  fish  resuming  growth 
earlier  than  the  older  ones.  Several  other  aspects  of  the  growth  history  are  discussed. 

INTRODUCTION 

Growth  dynamics  of  the  white  crappie,  Pomoxis  annularis ,  were 
studied  in  Lake  Texoma  over  a  21 -year  period.  Lake  Texoma,  im¬ 
pounded  by  Denison  Dam,  is  located  on  the  Red  River  in  Grayson 
County,  Texas  and  Bryan  County,  Oklahoma,  and  has  the  purposes 
of  flood  control  and  hydroelectric  power  production.  Although  some 
impoundment  of  water  had  begun  as  early  as  1942,  the  reservoir  was 
completed  in  1944.  Maximum  power  pool  at  elevation  617  rn.s.L  covers 
approximately  95,000  acres.  For  a  detailed  description  of  the  lake, 
see  Sneed  and  Thompson  ( 1950) . 

By  incorporating  my  data  with  data  from  earlier  studies  on  the 
reservoir,  a  continuous  growth  history  of  white  crappie  in  the  reservoir 
was  obtained. 

MATERIALS  AND  METHODS 

Data  were  obtained  from  343  white  crappie  collected  by  me  from 
July,  1962,  through  June,  1963.  Unpublished  data  from  310  white 
crappie  collected  October,  1959,  through  May,  1960,  by  E.  B.  Kil¬ 
patrick,  and  from  123  white  crappie  collected  June  8, 1957,  by  Michael 
Bross  were  used.  Data  from  the  works  of  Sneed  and  Thompson  (1950) 
and  Wilson  (1951)  were  also  included. 

The  Texas  Journal  of  Science,  Vol.  XXIV,  No.  3,  December,  1972. 


312 


THE  TEXAS  JOURNAL  OF  SCIENCE 


During  1962-63,  fish  were  obtained  from  Buncombe  Creek  arm  of 
the  reservoir  by  means  of  trap  nets,  gill  nets,  collapsible  nylon  fish 
traps,  seines,  electric  shockers,  and  hook  and  line,  while  during  1959- 
60,  fish  were  obtained  from  Newberry  Creek  arm  of  the  reservoir  by 
use  of  two  trap  nets,  lifted  approximately  once  a  week,  and  on  June  8, 
1957,  fish  were  collected  from  Buncombe  Creek  arm  by  rotenone 
poisoning.  Due  to  the  large  number  of  fish  collected  in  1959-60  and 
1962-63,  only  a  selected  number  of  fish  were  aged  from  the  different 
size  groups.  Scales  were  read  and  growth  calculations  were  made  by 
me  for  the  1959-60  and  1962-63  collections  (Whiteside,  1964),  while 
those  for  the  1957  collection  were  read  and  calculated  by  Michael 
Bross. 

Scale  samples  for  age  determinations  and  growth  calculations  were 
removed  from  an  anteroventral  area  below  the  lateral  line  of  the  left 
side  of  the  fish.  Scale  growth  was  assumed  to  be  directly  proportional 
to  increase  in  body  length.  Total  lengths  were  calculated  for  each 
annulus  using  a  nomograph  and  an  assumed  zero  intercept. 

Difficulty  was  encountered  in  determining  the  age  of  many  of  the 
white  crappie  from  Lake  Texoma  due  to  the  absence  of  annuli  for 
certain  years  and  the  presence  of  false  annuli,  especially  in  the  first 
year  of  growth.  Approximately  30  samples  were  discarded  because  of 
doubtful  age  determinations;  however,  it  is  believed  that  relatively 
few  age  estimates  deviated  from  the  true  age  by  more  than  a  year. 

Table  1 

Number  of  white  crappie  from  Lake  Texoma  collected  during  the  spring  of  1960 
and  1963  with  recently  formed  annuli. 


Age  Group 


Month  I  II  III  IV  V  VI  VII  Total 


March 

April 

May 


1 

1  13 
3 


1  I 
3  5 


1 

20 

20 


June 


3 


3 
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RESULTS  AND  DISCUSSION 

Time  of  Annulus  Formation 

The  formation  of  annuli  on  the  scales  of  Lake  Texoma  white  crappie 
appears  to  range  from  late  March  to  early  June.  The  vast  majority  of 
fish  resume  growth  during  April  and  May  with  the  younger  fish 
resuming  growth  earlier  than  the  older  ones  (Table  1).  Hansen 
(1937);  Johnson  (1945);  Buck  and  Cross  (1951);  Morgan  (1954); 
and  Hall,  et  ah  (1954)  all  noted  that  younger  white  crappie  form 
annuli  earlier  than  older  ones.  This  difference  in  annulus  formation 
might  be  correlated  with  the  development  of  gonads  since  older  fish 
spawn  earlier  than  younger  ones  (Whiteside,  1964). 

Age  and  Growth 

Data  from  which  the  1942  to  1962  growth  history  is  based  are  given 
in  Table  2.  Some  of  the  differences  in  the  growth  rates  of  a  given  year- 
class  obtained  by  the  various  workers  might  be  explained  by  difference 
in  collection  sites  on  the  lake,  methods  of  collection,  and  differences  in 
individual  interpretation  of  scales.  In  general  none  of  the  growth  rates 
were  significantly  different  over  the  21 -year  span,  except  for  those 
determined  by  Sneed  and  Thompson  (1950).  Their  data  showed  the 
rate  of  growth  diminished  in  Lake  Texoma  from  1942  to  1946.  How¬ 
ever,  80%  of  their  fish  were  taken  from  creels  of  fishermen.  The  legal 
size  limit  of  6  inches,  is  a  biased  method  of  sampling  which  selects 
larger  fish,  and,  perhaps,  the  faster-growing  ones. 

The  weighted  average  calculated  total  length  of  white  crappie  at 
the  end  of  each  year  of  life  based  on  a  combination  of  5  sources  of  data 
from  Lake  Texoma  are  given  in  Table  3.  The  grand  average  calculated 
total  lengths  and  the  grand  average  increments  of  total  length  for  each 
age  group  are  also  given  in  Table  3.  Growth  history  shows  a  steady 
increase  in  fish  length  with  age,  while  a  general  decrease  in  annual 
increment  of  length  occurred  with  age  (Table  3).  There  was  no  sig¬ 
nificant  difference  in  growth  rates  of  the  different  year  classes  during 
the  21-year  period  (1942-1962),  which  strongly  suggests  regularity 
in  spawning  success,  length  of  growing  season,  availability  of  food, 
and  rate  of  mortality.  A  comparison  of  the  annual  increments  of  length 
of  each  age  group  for  each  growth  year  and  for  each  year  class  indi¬ 
cated  no  cyclical  trends  in  growth.  Jenkins  (1953)  found  this  to  be 
true  in  an  1 1-year-  growth  history  of  white  crappie  from  Grand  Lake, 
Oklahoma. 

There  was  little  overlap  in  fish  lengths  in  age  groups  I  and  II,  with 
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Table  2 

Average  calculated  total  length  in  inches  at  the  end  of  each  year  of  life  for  each  year 
class  of  white  crappie  from  Lake  Texoma.  Numbers  of  individuals  used  in  calcula¬ 
tions  are  given  in  parenthesis. 
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Table  3 

Average  calculated  total  length  in  inches  at  the  end  of  each  year  of  life  for  each 
year  class  of  white  crappie,  collected  from  Lake  Texoma,  Oklahoma1.  Numbers  of 
individuals  used  in  calculations  are  given  in  parenthesis. 


Year 

Age  Groups 

Class 

I 

11 

III 

IV 

V 

VI 

VII 

VIII 

1962 

3.5 

(  54) 

_ 

_ 

"" 

— 

1961 

3.5 
(  92) 

6.0 
(  78) 

_ 

— 

1960 

3.2 

(  47) 

6.1 

(  47) 

8.2 
(  22) 

— 

1959 

3.4 

6.0 

8.3 

10.4 

— 

- 

— 

- 

(61) 

(  61) 

(  61) 

(  40) 

- 

- 

- 

- 

1958 

3.2 

5.8 

8.1 

10.0 

11.6 

- 

- 

- 

(  84) 

(82) 

(  52) 

(  52) 

(  33) 

- 

- 

- 

1957 

3.4 

6.0 

8.0 

10.7 

12.3 

13.4 

- 

- 

(100) 

(100) 

(  72) 

(  18) 

(  18) 

(  ID 

- 

- 

1956 

3.3 

6.0 

8.3 

10.2 

12.0 

13.2 

14.0 

(147) 

(122) 

(122) 

(  88) 

(  12) 

(  12) 

(  9) 

- 

1955 

2.9 

5.9 

8.3 

9.9 

11.4 

13.6 

14.2 

14.7 

(120) 

(120) 

(  64) 

(  64) 

(  47) 

(  6) 

(  6) 

(  6) 

1954 

2.4 

6.1 

8.8 

9.5 

11.2 

12.3 

14.3 

15.0 

(  52) 

(  52) 

(  52) 

(  15) 

(  15) 

(  15) 

(  1) 

(  1) 

1953 

3.1 

5.8 

8.2 

10.1 

11.4 

12.8 

13.9 

- 

(  15) 

(  15) 

(  15) 

(  15) 

(  11) 

(  ID 

(  9) 

- 

1952 

2.9 

4.9 

7.8 

9.7 

11.4 

12.4 

13.0 

13.8 

(  3) 

(  3) 

(  3) 

(  3) 

(  3) 

(  2) 

(  2) 

(  2) 

1951 

3.2 

5.0 

7.5 

10.2 

10.8 

11.7 

12.7 

13.3 

(  1) 

(  1) 

(  1) 

(  1) 

(  1) 

(  1) 

(  1) 

(  1) 

1948 

3.9 

(244) 

7.5 
(  1) 

_ 

_ 

3 . 7 

5 . 7 

1947 

(365) 

(305) 

_ 

- 

- 

- 

- 

- 

1946 

3.7 

(528) 

6.1 

(525) 

7.4 

(190) 

— 

— 

1945 

3.6 

5.5 

9.4 

9.2 

- 

- 

- 

— • 

(535) 

(534) 

(4  93) 

(106) 

- 

-• 

- 

- 

1944 

3.7 

5.8 

6.9 

9.5 

10.0 

- 

- 

- 

(139) 

(139) 

(122) 

(120) 

(  44) 

-  ■ 

- 

- 

1943 

3.8 

7.2 

8.6 

9.1 

10.5 

10.2 

- 

- 

(  21) 

(  21) 

(  21) 

(  9) 

(  7) 

(  •  4) 

- 

- 

1942 

4.1 

6.6 

10.9 

12.2 

13.6 

- 

_ 

- 

(  2) 

(  2) 

(  2) 

(  2) 

(  2) 

- 

- 

- 

Grand  Average  Calculated 

.  Total  Length 

3.6 

5.8 

8.5 

9.8 

’ll. 2 

12.7 

13.9 

14.4 

Grand  Average  Increments 

i  of  Total  Length: 

3.6 

2.2 

2.7 

1.3 

1.4 

1.5 

1.2 

0.5 

Total 

Number  of 

Pish  Used  in  Calculations! 

2,610 

2/208 

1/292 

533 

193 

62 

28 

10 

^-Calculations  are  based  upon  a  combination  of  data  shown  in 

Table  2 . 


an  increasing  amount  of  overlap  among  older  age  groups  (Tables  4- 
and  5).  This  is  in  agreement  with  data  presented  by  Wilson  (1951). 
Part  of  this  overlap  may  be  caused  by  a  relatively  long  spawning 
period  (Whiteside,  1964),  thus,  some  of  the  young-of-year  would  have 
a  longer  first-year  growing  season. 
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Table  4 

Length  distribution  of  age  groups  of  white  crappie  from  Lake  Texoma  collected  in 
1962-63.  Based  on  calculated  total  length  at  last  annulus. 


Length 

intervals 

AGE 

GROUPS 

(inches) 

I 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

1.5- 

1.9 

1 

- 

- 

- 

- 

„ 

- 

- 

2.0- 

2.4 

2 

- 

- 

- 

- 

- 

_ 

- 

2.5- 

2.9 

8 

- 

- 

- 

- 

- 

_ 

- 

3.0- 

3.4 

17 

- 

- 

- 

- 

- 

- 

- 

3.5- 

3.9 

22 

- 

- 

- 

- 

- 

- 

- 

4.0- 

4.4 

13 

1 

- 

- 

~ 

- 

- 

- 

4.5- 

4.9 

5 

5 

- 

- 

- 

- 

_ 

~ 

5.0- 

5.4 

- 

17 

- 

- 

- 

- 

- 

- 

5.5- 

5.9 

- 

21 

- 

- 

- 

- 

- 

- 

6.0- 

6.4 

- 

31 

- 

- 

- 

- 

- 

- 

6.5- 

6.9 

- 

23 

4 

- 

- 

- 

- 

- 

7.0- 

7.4 

- 

5 

6 

- 

- 

- 

- 

7.5- 

7.9 

- 

1 

10 

- 

- 

- 

- 

- 

8.0- 

8.4 

- 

_ 

9 

1 

- 

- 

- 

- 

8.5- 

8.9 

- 

- 

8 

2 

- 

- 

- 

- 

9.0- 

9.4 

- 

- 

3 

7 

- 

- 

- 

- 

9.5- 

9.9 

- 

- 

1 

8 

1 

- 

- 

- 

10.0- 

10.4 

- 

- 

2 

17 

- 

- 

- 

- 

10.5- 

10.9 

- 

- 

- 

14 

- 

- 

- 

- 

11.0- 

11.4 

- 

- 

- 

8 

14 

- 

- 

- 

11.5- 

11.9 

- 

- 

- 

2 

10 

- 

- 

- 

12.0- 

12.4 

- 

- 

- 

- 

8 

1 

- 

- 

12.5- 

12.9 

- 

- 

- 

- 

5 

3 

- 

- 

13.0- 

13.4 

- 

- 

- 

- 

_ 

4 

1 

- 

13.5- 

13.9 

- 

- 

- 

- 

- 

4 

1 

1 

14.0- 

14.4 

- 

- 

- 

- 

1 

1 

6 

1 

14.5- 

14.9 

- 

- 

- 

- 

- 

1 

1 

1 

15.0- 

15.4 

- 

- 

- 

- 

- 

- 

- 

2 

15.5- 

15.9 

- 

- 

- 

- 

- 

- 

- 

2 

Total 

Number 

of  Fish  68  104  41  59  39  14  9  7 
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Table  5 


Length  distribution  of  age  groups  of  white  crappie  from  Lake  Texoma  collected  in 
1959-60.  Based  on  calculated  total  length  at  last  annulus. 


Length 

AGE 

GROUPS 

intervals 

(inches) 

II 

III 

IV 

V 

VI 

VII 

VIII 

4.0- 

4.4 

1 

~ 

- 

- 

- 

- 

- 

4.5- 

4.9 

3 

- 

- 

- 

- 

- 

- 

5.0- 

5.4 

7 

- 

- 

~ 

- 

- 

- 

5.5- 

5.9 

16 

- 

- 

- 

- 

- 

6.0- 

6.4 

8 

- 

- 

- 

- 

- 

- 

6.5- 

6.9 

15 

7 

- 

- 

- 

- 

- 

7.0- 

7.4 

5 

15 

- 

- 

- 

- 

- 

7.5- 

7.9 

3 

16 

- 

- 

- 

- 

- 

8.0- 

8.4 

32 

2 

- 

- 

- 

- 

8.5- 

8.9 

~ 

10 

2 

- 

- 

- 

- 

9.0- 

9.4 

- 

4 

11 

- 

- 

- 

- 

9.5- 

9.9 

4 

26 

1 

- 

- 

- 

10.0- 

10.4 

- 

- 

16 

5 

- 

- 

- 

10.5- 

10.9 

- 

- 

27 

7 

- 

- 

- 

11.0- 

11.4 

- 

- 

3 

13 

4 

- 

- 

11.5- 

11.9 

- 

5 

9 

3 

- 

- 

12.0- 

12.4 

- 

- 

- 

6 

2 

- 

- 

12.5- 

12.9 

- 

- 

- 

2 

1 

- 

- 

13.0- 

13.4 

- 

- 

- 

- 

1 

4 

2 

13.5- 

13.9 

- 

- 

- 

- 

1 

1 

- 

14.0- 

14.4 

- 

~ 

- 

- 

2 

1 

1 

14.5- 

14.9 

- 

- 

- 

- 

- 

2 

_ 

15.0- 

15.4 

- 

- 

- 

- 

- 

1 

- 

Total 

of 

.  Number 
Fish 

58 

88 

92 

43 

14 

9 

3 
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Condensed  Equations  for  the  Transformation  of  Uridine 
5'-Pyrophosphate  to  S'-polyuridylate  at  the  pH  of  the 
Enzymatic  Reaction  and  in  a  More  Alkaline  and 
More  Acidic  Media 

by  WILLIS  W.  FLOYD 

Department  of  Chemistry.  Sam  Houston  State  ZJ niversity 
Huntsville  77340 

ABSTRACT 

From  the  applicable  ionization  constants  the  pH  values  of  0.01  molar  solutions'  of 
uridine  5'-pyrophosphoric  acid  (commonly  called  uridine  diphosphate),  its  primary, 
secondary,  tertiary,  and  quartemary  ions,  orthophosphoric  acid,  and  its  primary, 
secondary,  and  normal  (tertiary)  ions  have  been  calculated  to  be  ca.  2,  2.2,  4.25,  6.7, 
10.7,  2.24,  4.50,  7.16,  and  12.16,  respectively. 

At  pH  ca .  9,  polynucleotide  phosphorylase  transforms  to  5'-polyuridylate  the 
substrate  of  a  0.01  molar  solution  of  uridine  5 ; -pyrophosphate  consisting  of  71.5% 
tertiary  and  28.5%  quaternary  ions;  inorganic  phosphate  is  released  as  secondary 
phosphate  ion.  The  enzymes  uses  an  hydroxide  ion  to  split  off  a  secondary  phosphate 
ion  from  the  nucleotide  ion  on  the  left  end  of  the  line  of  substrate  molecules.  The 
equation  for  the  enzymatic  synthesis  from  the  predominant  tertiary  ion  is: 

OH-  -\~  n  Uridine  tert,  pyrophosphate3- 
y:>  n-mer  Poly uridylate  ( *  +  x )  -  -]-  n  HP042-. 

Balanced  equations  for  5/--polyuridylate  synthesis  from  molecular  species  of  uridine 
pyrophosphate  present  in  0.01  molar  solutions  pH  values  ca.  12,  2,  and  4.5  have  also 
been  written, — even  though  these  pH’s  are  inhibitory  for  polynucleotide  phospory- 
lase  functioning. 

INTRODUCTION 

Grunberg-Manago  and  Ochoa  (1955),  discoverers  of  the  enzyme 
polynucleotide  phosphorylase,  represented  this  enzyme's  synthesis  of 
^'-polynucleotides  from  5'-ribonucleoside  pyrophosphates  by  the  equa¬ 
tion 

Mg2+ 

n  5 •"•Nucleoside  diphosphate  n  Orthophosphate 

+  1  n-mer  Polynucleotide. 

This  general  equation  (Grunberg-Manago,  et  ah  1955)  does  not 
specify  the  role  of  the  hydroxide  ion  in  the  reaction  nor  the  predomi¬ 
nant  molecular  forms  of  nucleoside  pyrophosphate,  inorganic  phos- 
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phate,  and  product  polynucleotide  which  are  characteristic  of  the 
medium  at  the  enzymatic  pH  of  the  reaction. 

pH  VALUES  OF  URIDINE  PYROPHOSPHATE  AND 
ORTHOPHOSPHATE  SOLUTIONS 

Uridine  5 '-pyrophosphate  exists  in  solution,  depending  on  the  pH  of 
the  medium,  as  one  or  a  combination  of  2  of  the  following  molecular 
species:  the  free  acid,  the  primary  ion,  the  secondary  ion,  the  tertiary 
ion,  or  the  quaternary  ion  (in  which  the  uracil  unit  has  lost  a  hydrogen 
ion  and  is  left  as  a  monovalent  anion) .  In  this  substituted  pyrophos¬ 
phate  molecule  (usually  known  as  uridine  diphosphate  or  UDP),  the 
ribose  unit  is  attached  at  its  5 '-carbon  to  a  pyrophosphate  unit  and  at 
its  anomeric  carbon  to  a  beta  oriented  uracil  unit.  The  3'-pyrophos- 
phoric  acid  hydrogens  of  this  molecule  are  base  neutralizable;  and,  at 
high  pH  values  of  the  medium,  the  tautomeric  uracil  unit  hydrogen  is 
also  ionized  off,  leaving  that  unit  in  the  anionic  form  (Steiner,  1965). 

Likewise,  orthophosphoric  acid,  dissolved  in  solution,  corresponding 
to  the  pH  of  the  solution,  is  present  as  the  free  acid,  the  primary,  the 
secondary,  or  the  normal  (tertiary)  orthophosphate  ion,  or  else  as  a 
mixture  of  definite  proportions  of  2  of  these  species. 

As  a  means  of  identifying  the  particular  molecular  species  involved 
in  the  biosynthesis,  the  names,  formulas  (phosphate  and  uracil  units 
being  written  as  acids),  ionization  constants  (Stecher,  et  al. ,  1968), 
and  pH  values  of  0.01  molar  solutions  of  these  several  phosphates  are 
listed  below.  The  pH  values  of  acids  and  acid  salts  were  calculated 
using  the  relation  [H+] 2  =m  0.01  Ka.  For  normal  salts  the  equation  used 
is  [H+]2  =  KwKa/0.01,  where  Kw  is  the  ionization  constant  of  water. 

Uridine  5'-pyrophosphoric  acid  formula:  H3P206-C5H804-HC4H202N2 
K4  =  1.4  X  10-1;  0.01  M  pH  ca.  2. 

Primary  uridine  5 '-pyrophosphate  formula:  H2P2Q6-C5H804-HC4H2Q2N21_ 

K2  =  1.1  X  10-2;  0.01  M  pH  ca.  2.2. 

Secondary  uridine  5'-pyrophosphate  formula:  HP206-C5H804-HC4H202N22- 
K3  =  3.16  X  10-7;  0.01  M  pH  ca.  4.25. 

Tertiary  uridine  5 '-pyrophosphate  formula:  P206-C5H804-HC4H202N23- 
K4  =  3.98  X  101-10;  0.01  M  pH  ca.  6.7. 

Quaternary  uridine  5 '-pyrophosphate  formula:  P206-C5Hs04-C4H202N24- 
0.01  M  pH  ca.  10,7. 

Orthophosphoric  acid,  H3P04 
K4  =  7.54  X  lO-3;  0.01  M  pH  ca.  2.24. 

Primary  phosphate,  H2P041- 
K2  =  6,23  X  10-8;  0.01  M  pH  ca.  4.60. 

Secondary  phosphate,  HP042- 
K,  =  4.79  X  1 01- 4 3  •  Q.01  M  pH  ca.  7.16. 

rf  ny  ■ 

Normal  (Tertiary)  phosphate,  P043- 
0.01  M  pH  ca.  12.16. 
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THE  ENZYMATIC  REACTION 

The  optimum  pH  for  polynucleotide  phosphorylase  is  ca.  9.  From 
the  quaternary  acid  constant  it  has  been  calculated  that  in  a  0.01  molar 
solution  of  uridine  5'-pyrophosphate  of  pH  ca.  9,  71.5%  of  the  sub¬ 
strate  is  present  as  the  tertiary,  28.5%  as  the  quaternary  ion  (in  which 
the  uracil  units  exists  as  a  monovalent  anion) .  A  similar  calculation 
based  on  the  tertiary  ionization  constant  of  orthophosphoric  acid  indi¬ 
cates  that  in  this  enzymatic  medium  of  pH  ca.  9,  99.5%  of  the  inorganic 
phosphate  produced  by  the  enzyme  is  released  as  the  secondary  ion, 
only  0.5%  as  the  normal  phosphate  ion.  Each  inner  nucleotide  unit 
of  the  product  polynucleotide  has  on  its  phosphoryl  end  a  single  nega¬ 
tive  charge.  One  secondary  orthophosphate  is  split  off  from  the  reac¬ 
tant  ion  which  is  situated  at  the  left  end  of  the  line  of  substrate  ions; 
this  left-end  cleavage  requires  a  hydroxide  ion  from  the  medium  and 
leaves  the  product  polyuridylate  with  2  negative  charges  on  its  left- 
hand  (5'-)  end.  The  enzyme  carries  out  at  each  internucleotide  site 
a  radical  metathesis  which  establishes  a  3',5'-phosphodiester  connect¬ 
ing  bond  and  frees  one  secondary  orthophosphate  ion.  Writing  the 
reaction  participants  in  their  predominating  ion  forms,  accordingly, 
one  may  represent  the  enzymatic  synthesis  equationally  as  follows: 

OH-  +  n  P206-C5H804-HC1H202N23- 
O  (P02-C5H704-HC4H202N2)  n  H  (n+1)-  +  n  HP042-  Eq.  1) 

EQUATIONS  FOR  NON-ENZYMATIC  MEDIA 

Neither  polynucleotide  phosphorylase  nor  any  other  known  enzyme 
seems  to  make  5'-polyuridylate  in  media  which  are  sufficiently  alka¬ 
line  for  the  release  of  inorganic  phosphate  as  the  normal  ortho-ion. 
Nevertheless,  a  correct  equation  can  be  written  for  the  synthesis  in 
such  a  medium,  provided  it  is  remembered  that  at  pH  values  of  12 
and  higher,  the  uracil  units  as  well  as  the  pyrophosphate  units  of  react¬ 
ants  and  products  exist  totally  in  the  anionic  form.  For  putting  the 
long  5'-polyanion  together,  2  hydroxide  ions  are  required  at  the  left 
end  of  the  line  of  reactant  ions  and  one  hydroxide  at  each  internu¬ 
cleotide  site.  At  the  left  end  and  at  each  phosphodiester  bond  forma¬ 
tion  a  water  molecule  and  a  normal  phosphate  ion  are  released. 

Equation  (2)  represents  5 '-polyuridylate  synthesis  from  quater¬ 
nary  uridine  pyrophosphate  as  it  would  occur  at  pH  12  and  higher. 

(n  +  1 )  OH-  +  n  P206-C5H804-C4H202N24-  -> 

0  (P02-C5H704-C4H202N2)  nn^+v-  +  n  P043-  +  n  H20.  Eq.  (2) 

Again  although  this  synthesis  has  not  been  and  apparently  cannot 
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be  carried  out  enzymatically  in  strongly  acidic  media,  as  at  pH  2  or 
less,  still,  using  free  acid  forms  for  all  acids  (strong  or  weak),  one  can 
nevertheless  represent  the  reaction  by  a  balanced  equation.  At  pH  2 
the  left  end  reaction  would  be  a  hydrolysis,  requiring  one  water  mole¬ 
cule  for  splitting  off  an  orthophosphoric  acid.  Each  phosphodiester 
bond  formation  would  release  one  additional  ortho-phosphoric  acid 
molecule.  Equation  (3)  represents  such  a  reaction  in  this  strong  acid 
range. 

HOH  +  n  H3P206-C5H804-HC4H202N2  -> 

HO (HP02-C5H704-HC4H202N2) nH  +  n  H3P04.  Eq.  (3) 

In  the  completion  of  the  product  structure  in  this  acidic  medium, 
one  water  molecule  would  be  indispensable  for  the  left  end  hydrolysis 
and  must,  in  consistency,  be  entered  as  reactant  in  the  equation.  (Fre¬ 
quently  the  enzymatic  reaction,  for  convenience,  is  written  using  free 
acid  forms  but  omitting  the  water  as  reactant.) 

Conceivably  some  variation  or  functional  relation  of  polynucleotide 
phosphorylase  may  prove  capable  of  working  to  a  degree  in  neutral  or 
even  slightly  acidic  media.  M.  F.  Singer  (personal  communication) 
stated  that  the  reaction  does  indeed  proceed  at  pH  values  somewhat 
below  9.  In  any  case,  uridine  secondary  5'-pyrophosphate  dissolved 
into  0.01  molar  solution,  pH  ca.  4.5,  is  shown  by  calculation  really  to 
exist  in  solution  almost  entirely  as  the  secondary  ion,  orthophosphate 
as  the  primary  ion.  As  in  all  acidic  media,  the  uracil  unit  is  in  its  non¬ 
ionic  form.  To  the  extent  that  the  synthesis  proceeds  between  pH  ca . 
4.2  and  4.6,  a  water  molecule  hydrolytically  releases  the  left  end  inor¬ 
ganic  phosphate,  while  a  hydrogen  ion  adds  to  each  secondary  phos¬ 
phate  freed  metathetically  during  the  formation  of  the  (n—  1)  phos¬ 
phodiester  bonds,  releasing  inorganic  phosphate  as  the  primary  ion. 
For  the  polyuridylate  synthesis,  therefore,  as  and  when  it  occurs  in  a 
solution  one-hundredth  molar  with  respect  to  uridine  secondary  5'- 
pyrophosphate  at  pH  ca.  4.5,  the  appropriate  equation  is  Equation 
(4). 

HOH  +  (n— 1)  H+  +  n  HP206-C5H804-HC4H202N22- 

->  O  (HP02-C5H704-HC4H202N2) n  H1-  +  n  HJPO,1-.  Eq.  (4) 

Reaction  at  this  pH,  it  is  seen,  would  present  the  entire  polyuridylate 
molecule  as  a  huge  monovalent  anion. 
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ABSTRACT 

In  order  to  evaluate  protective  qualities  of  a  formulated  WRT  neoprene  rubber 
under  practical  conditions,  permeation  rates  of  salt  water  were  determined  on  new 
and  aged  materials  at  3  temperatures.  Solubilities  of  both  distilled  and  salt  water  in 
this  material  were  also  found.  Both  parameters  showed  a  significant  dependence  on 
temperature  and  on  the  condition  of  the  rubber,  and  distilled  water  was  much  more 
soluble  than  salt  water.  These  phenomena  are  not  unknown  but  are  significant  in 
the  materials  tested. 

INTRODUCTION 

The  permeation  of  liquids  and  gases  through  rubber  and  plastic  ma¬ 
terials  is  well  known,  and  derives  from  the  fact  that  they  are  soluble 
in  the  materials,  and  from  the  natural  tendency  of  a  species  to  diffuse 
from  a  region  of  higher  concentration  to  a  region  of  lower  concentra¬ 
tion.  This  phenomenon  has  contributed  to  problems  involving  protec¬ 
tion,  whether  it  be  of  people  from  topic  species  as  in  glove  boxes 
(Ayer,  et  al .,  1960)  or  of  electronic  hardware  from  water  such  as  with 
hydrophones  (Lebovits,  1966a).  A  number  of  interesting  factors  have 
been  discussed.  Among  these  are  that  permeability  is  dependent  on 
temperature  and  usually  increases  with  temperature.  Fresh  water  has 
shown  a  higher  permeation  rate  than  sea  water.  And,  of  course,  the 
transmission  properties  are  extremely  sensitive  not  only  to  the  molec¬ 
ular  structure  of  a  polymer  but  to  the  fillers  incorporated  and  the  proc¬ 
ess  utilized  in  its  production  (molding,  milling,  latex  dipping,  etc.). 

Butyl  rubber,  which  is  known  to  have  a  low  water  permeability 
compared  to  other  rubbers,  was  also  shown  to  undergo  a  decrease  in 
permeability  when  subjected  to  10,000  psi  hydrostatic  pressure  (Le¬ 
bovits,  1966a).  This  was  explained  on  the  basis  of  the  fact  that  per¬ 
meation  is  realized  by  activated  diffusion  which  is  dependent  on  con¬ 
centration  gradient  (vapor  pressure  differential)  and  temperature. 

1  This  work  was  supported  by  the  Naval  Ship  Systems  Command,  (Contract 
N00024-68-C-1227)  performed  at  Tracor,  Inc.,  Austin,  Texas. 

2  Tracor,  Inc.,  6500  Tracor  Lane,  Austin,  Texas  78721. 
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At  constant  temperature  the  vapor  pressure  of  liquid  water  does  not 
change  significantly  with  increased  pressure.  However,  the  compres¬ 
sion  of  the  butyl  rubber  membrane  under  these  high  pressures  in¬ 
creases  its  density  and  promotes  lower  diffusion  rates. 

Relative  permeabilities  of  gases  and  water  through  various  poly¬ 
mers  have  been  compared  (Lebovits,  1966a,  1966b;  Hamilton,  1967). 
Polyvinyl  alcohol,  silicones,  and  cellulose  are  very  high  in  water  trans¬ 
mission  as  is  polyurethane.  The  non-popular  polyethylene  and  propy¬ 
lene  are  lower,  and  higher  density  species  are  lower  in  permeability. 
For  example,  low  density  polyethylene  has  a  permeability  in  the  vi¬ 
cinity  of  10-8  mg  cm/cm2  sec  cm  Hg  while  the  high  density  material 
is  to  Yq  this  value  (Lebovits,  1966;  Hamilton,  1967).  This  density 
relationship  can  be  explained  in  terms  of  free  volume  and  crystallin¬ 
ity  of  the  polymer.  Higher  densities  are  such  because  of  more  crys¬ 
tallinity  which  means  that  diffusing  species  have  a  more  tortuous  path 
through  the  amorphous  phase.  That  is,  it  can  be  thought  of  as  an  in¬ 
creased  path  length  and  a  decreased  effective  surface  area  for  permea¬ 
tion. 

The  difference  in  transmission  rates  among  polymer  types  can  be 
related  to  molecular  structure  of  both  the  permeant  and  the  membrane 
(Iyengar,  1965).  That  is,  the  smaller  the  permeant  molecule  the 
more  rapidly  it  diffuses;  and  the  more  compatible  it  is  with  the  poly¬ 
mer  the  higher  its  solubility  and  transmission  rate.  As  a  result,  a  gas 
such  as  SF6  which  is  a  very  large,  non-polar  molecule  has  very  low 
permeability  through  most  polymers. 

As  mentioned,  fillers  used  and  processing  of  a  polymer  can  have  a 
significant  effect  on  water  transmission  rates.  Unfortunately,  many  of 
the  commercial  materials  have  compositions  and  processing  param¬ 
eters  which  are  considered  proprietary  and  as  a  result  the  permeation 
rates  cannot  be  predicted  with  any  precision.  An  example  of  this  is 
given  in  Table  1  which  gives  the  permeation  rates  of  various  products 

Table  1 


Comparative  rates  of  water  permeation* 


Material 

Thickness 

(mils) 

Permeation  rate 
g/day  m2 

Surety  Milled  Neoprene 

22 

1.44 

Charco  Milled  Neoprene 

21 

1.52 

Surety  Latex  Neoprene 

24 

2.97 

Charco  Latex  Neoprene 

23 

2.07 

Pioneer  Latex  Neoprene 

21 

2.92 

Seamless  Latex  Neoprene 

22 

4.35 

*  (Ayer,  et  al.,  1960). 
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taken  at  41  °C  and  with  a  differential  water  vapor  pressure  of  33.8  mm 
Hg  (42%  relative  humidity  on  one  side  and  100%  on  the  other) , 

The  permeation  through  a  membrane  can  be  described  by  the  fol¬ 
lowing  equation  (this  paper  will  be  concerned  with  water  as  perme¬ 
ant)  : 


q  = 


P  (pi  ~p2)  At 
L 


(1) 


where 

q  =  amount  of  water  permeating  through  the  membrane  (in  mg) 
Pi  =  vapor  pressure  of  water  on  the  '’'wet  side”  of  the  membrane  (in 
cm  Hg) 

p2  =  vapor  pressure  of  water  on  the  “dry  side”  of  the  membrane  (in 
cm  Hg) 

A  =  area  of  the  membrane  exposed  to  the  permeant  (in  cm2) 

L  =  thickness  of  the  membrane  (in  cm) 
t  =  time  (in  sec) 

P  =  permeation  constant  (in  mg  cm/cm2  sec  cm  Hg) 

In  terms  of  permeation  rate,  the  equation  can  be  rewritten: 


q  _  P  A  (px  -  p2) 
t  L 


(2) 


Thus,  it  can  be  seen  that  the  rate  at  which  water  is  transported 
through  the  membrane  depends  on  the  water  vapor  pressure  differen¬ 
tial  across  the  membrane,  the  permeability  constant,  and  the  thickness 
of  the  membrane.  The  permeability  constant  is  dependent  on  the  par¬ 
ticular  characteristics  of  the  membrane  and  the  permeant,  and  is  in 
fact  the  product  of  the  diffusion  coefficient  and  the  solubility  coeffi¬ 
cient  of  the  permeant  in  the  membrane. 

p||D-S  (3) 

D  =  diffusion  coefficient  in  cm2/sec. 

8  =  solubility  coefficient  in  gm/cm3/cm  Hg 

It  is  also  worth-while  to  consider  the  effect  of  temperature  on  the 
various  factors  that  determine  the  permeation  rate.  Since  diffusion  re¬ 
quires  an  activation  energy,  the  diffusion  coefficient  is  exponentially 
dependent  on  temperature: 

D  =  D0e-||  (4) 

where 

D0  =  constant 

Ea  —  activation  energy  for  diffusion  (cal /mole) 
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R  m  gas  constant  (1.99  cal/°K  mole) 
T  =  absolute  temperature  (°K) 


The  diffusion  coefficient  always  increases  with  increasing  tempera¬ 
ture. 

The  solubility  coefficient  is  always  exponentially  dependent  on  tem¬ 
perature. 


S 


=  So  e~ 


AHS 

RT 


(5) 


where 

S0  =  constant 

AHS  —  heat  of  solution  of  the  permeant  in  the  membrane 


Since  the  heat  of  the  solution  may  be  either  positive  or  negative,  de¬ 
pending  on  the  permeant  and  the  membrane,  the  solubility  coefficient 
may  either  increase  or  decrease  with  temperature.  And,  since  the  per¬ 
meability  constant,  P,  is  the  product  of  D  and  S,  it  may  either  increase 
or  decrease  with  temperature,  depending  on  the  relative  changes  in 
D  and  S. 

When  the  permeant  is  water,  it  should  be  remembered  that  the 
vapor  pressure  of  water  increases  markedly  with  temperature,  and  of 
course  the  permeation  rate  is  directly  dependent  on  vapor  pressure. 

The  purpose  of  this  investigation  was  to  evaluate  a  neoprene  rub¬ 
ber  (a  WRT  type,  commercially  compounded)  which  is  used  in  hy¬ 
drophone  assemblies.  Since  these  devices  can  operate  at  high  voltages, 
the  isolation  from  environment  is  particularly  important;  and  proc¬ 
essing  and  formulation  variables  make  it  impossible  to  calculate  per¬ 
meation  rates  from  previously  available  data.  In  general  the  objec- 
ives  were  2-fold. 

(1 )  Determine  the  solubility  and  permeation  rate  for  water  in  this 
neoprene. 

(2)  Investigate  the  effect  of  aging  on  these  properties. 


EXPERIMENTAL 

A.  Solubility 

To  determine  the  solubility  of  water  in  the  neoprene,  small  samples 
of  the  neoprene  were  dried  in  a  vacuum  oven  at  50 °C,  weighed,  and 
one  placed  in  distilled  water  and  one  in  a  3.5%  NaCl  solution.  Peri¬ 
odically,  the  samples  were  removed  from  the  liquids,  the  external 
moisture  was  dried  off,  and  the  samples  were  weighed.  A  plot  of 
weight  gain  versus  time  was  prepared  for  the  samples  which  were  run 
at  5,  25,  and  50°C. 
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B.  Permeation 

The  permeation  rate  of  water  through  the  WRT  neoprene  was  de¬ 
termined  using  a  cell  such  as  that  shown  in  Figure  1,  and  the  process 


is  similar  to  that  of  Procedure  B,  ASTM  Designation  E96-53T.  The 
neoprene  sample  was  adhered  with  epoxy  resin  (EPON  VI  or  91  IF)3 
to  the  glass  cell  which  contained  a  ground  glass  plug  lubricated  with 
a  silicone  grease.  A  3.5%  solution  of  NaCl  was  put  inside  the  cell.  The 
cell  was  weighed  and  then  placed  into  a  desiccator  containing  the  des¬ 
iccant  normally  used  in  the  system.  The  desiccator  was  then  main¬ 
tained  at  the  temperature  of  interest,  and  the  cell  was  weighed  peri¬ 
odically  (to  0.01  mg)  to  determine  the  amount  of  water  which  had 
permeated  through  the  neoprene. 

A  blank  consisting  of  a  cell  with  a  piece  of  glass  in  place  of  the  neo¬ 
prene  was  run  simultaneously  to  permit  correlation  for  any  change  in 
weight  due  to  the  epoxy  or  the  ground  glass  joint.  A  2nd  type  of  blank, 
an  epoxy  ring  on  a  glass  plate,  was  also  run  to  isolate  any  effect  of  the 
epoxy  adhesive. 

Weighings  were  continued  until  a  plot  of  weight  loss  versus  time 
formed  a  straight  line,  indicating  that  the  steady  state  permeation  rate 
had  been  reached.  The  slope  of  this  line  (in  mg/day)  gives  the  per¬ 
meation  rate  of  water  through  the  neoprene  sample.  The  slope  divided 
by  the  area  of  the  cell  (23.7  cm2)  yields  the  permeation  rate  per  unit 
of  neoprene. 


3  Shell  Chemical  Company. 
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RESULTS  AND  DISCUSSION 

Solubility 

The  graph  of  solubility  data  (Figure  2)  has  several  noteworthy  fea¬ 
tures:  (a)  There  is  a  strong  dependence  of  solubility  on  temperature; 
(b)  there  is  a  surprising  difference  between  the  solubility  of  fresh 
(distilled)  water  and  that  of  salt  water,  particularly  at  the  higher  tem¬ 
peratures;  (c)  the  shape  of  the  uppermost  curve  does  not  indicate  that 
the  neoprene  sample  was  beginning  to  approach  saturation,  even  after 
25  days. 

The  solubility  behavior  of  this  neoprene,  although  not  unknown 
previously,  caused  some  concern,  not  only  as  to  the  effect  of  this  phe¬ 
nomenon  on  our  permeation  data,  but  also  its  effect  on  the  mechanical 
strength  and  other  properties  of  the  rubber.  If  this  is  a  real  increase  in 
solubility  with  exposure,  the  rate  that  water  permeates  the  sample 
will  be  higher  than  that  indicated  in  our  work  and  will  increase  sig¬ 
nificantly  with  time.  All  the  permeation  data  taken  here  with  samples 
“saturated”  for  one  week  then  measured  over  2  weeks.  This  time  can¬ 
not  allow  for  equilibrium  saturation  of  the  rubber  at  higher  tempera¬ 
tures. 


0  4  8  12  16  20  24  28  32  36  40  44 

TIME,  DAYS 

FIG.  H  -  COMPARING  SOLUBILITIES  OF  DISTILLED  WATER  AND  3.5  WT-% 

NACL  SOLUTION  IN  NEOPRENE  WRT  AT  VARIOUS  TEMPERATURES 
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One  possible  explanation  of  this  large  and  increasing  solubility  is 
the  existence  of  small  pockets  of  water-soluble  material  in  the  rub¬ 
ber.  Many  small  osmometers  are  then  established  as  water  enters  the 
film  and  produces  pockets  of  concentrated  salt  water.  However,  this 
theory  does  not  account  for  the  large  differences  between  distilled  and 
salt  water. 

Another  postulation  is  the  reaction  of  water  with  some  component 
of  the  rubber.  This  occurrence  is  not  unknown  in  that  some  commonly 
used  fillers  for  rubber  are  known  to  give  large  water  absorption  (Mur¬ 
ray  and  Thompson,  1 963) .  Although  the  composition  of  the  compound¬ 
ed  WRT  neoprene  used  is  unknown,  it  would  appear  that  magnesia, 
zinc  oxide,  or  similar  substances  may  be  present.  A  very  com¬ 
plex  reaction  may  be  the  contributing  factor  here  since  it  appears  that 
the  presence  of  salt  has  significant  effect  on  the  reaction.  Of  course, 
salt  will  penetrate  the  rubber  to  a  certain  extent  and  may  contribute 
an  ionic  character  which  inhibits  the  reaction  of  importance 

Permeation 

It  can  be  seen  from  Equation  1  that  the  slope  of  the  line  derived 
from  steady  state  permeation  is: 

q  _  P  (pi  —  p2)  A 
t  L 

since  px  (2.33  cm),  p2,  A,  and  L  are  all  known  values,  the  permea¬ 
bility  constant  can  be  extracted  from  the  data. 

These  permeation  experiments  were  run  under  conditions  such  that 
the  partial  pressure  of  water  on  one  side  of  the  neoprene  was  always 
the  vapor  pressure  of  water  at  the  operating  temperature  (pi) .  On  the 
other  side  of  the  neoprene,  the  water  vapor  pressure  was  effectively 
zero  (p2),  thus  yielding  the  maximum  permeation  rate  which  could 
be  expected. 

A  typical  curve  obtained  with  the  cells  described  above  is  shown  in 
Figure  3,  and  Table  2  gives  the  permeation  rates  obtained  from  curves 
such  as  this  taken  at  3  temperatures.  Each  value  is  an  average  of  3  ex¬ 
periments.  In  general  they  compare  within  an  order  of  magnitude  for 
other  neoprenes;  of  course,  the  values  cannot  be  compared  directly 
since  compositions  and  processing  are  unknown.  Two  thicknesses  of 
samples  were  tested  taken  from  different  applications,  and  the  thicker 
one  (sample  No.  7)  had  been  subjected  to  mechanical  (sonic)  agitation 
during  :ts  exposure. 

By  comparing  the  permeation  rates  of  samples  4  and  5  one  can  see 
the  apparent  effects  of  simple  aging  and  exposure  on  neoprene.  It  seems 
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FIG.  m  -  PERMEATION  GRAPHS 

that  by  mere  exposure  of  the  material  to  sea  water  over  an  extended 
period  the  permeation  rate  of  water  through  it  increases  by  a  factor  of 
2.5.  This  may  be  related  to  the  solubility  effect  discussed  earlier.  How¬ 
ever,  when  comparing  new  and  used  samples  (numbers  6  and  7)  one 
sees  a  factor  of  5  difference  in  permeation  rate,  much  more  than  can 
be  accounted  for  by  simple  exposure  to  the  environment.  The  sam¬ 
ple  of  rubber  taken  as  No.  7  was  one  which  had  been  subjected  to 
vibration  during  seawater  exposure.  It  showed  a  loss  of  gloss,  due  to 
apparent  degradation.  The  degradation  of  polymeric  materials  by  a 
wide  range  of  frequencies  of  mechanical  excitation  has  become  a  well 
known  phenomenon  (Grassie,  1963).  It  appears  then  that  the  used 
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Table  2 
Permeation  data 


No. 

Conditions 

Temp. 

(°C) 

L* 

Ratef 

Pt 

(1) 

new 

50 

0.49 

0.42 

2.6  X  10-7 

(2) 

used§ 

50 

0.49 

0.44 

2.6  X  10-7 

(3) 

used 

5 

0.48 

0.004 

3.4  X  10-8 

(4) 

new 

25 

0.49 

0.04 

9.6  X  1(P8 

(5) 

used 

25 

0.49 

0.10 

2.4  X  10^7 

(6) 

new 

25 

0.68 

0.03 

1.0  x  io-7 

(U 

used 

25 

0.71 

0.15 

5.2  X  10^-7 

*  Thickness  of  sample  (cm). 

f  Permeation  rate/unit  area  (mg/cm2/day) ,  averages  of  these  determinations. 

[mg  cm  “I 
— 
cm2  sec  cm(Hg)  J 

§  After  '--2  years  of  seawater  contact  and  periodic  sonic  excitation. 

material  (no.  7)  suffers  a  higher  permeability  due  to  degradation  not 
only  by  aging  but  also  by  deposition  of  mechanical  energy,  and 
that  by  measuring  permeation  rates  one  can  determine  the  extent  of 
these  effects.  From  this  one  can  see  that  polymeric  material  subjected 
to  both  aging  and  mechanical  agitation  becomes  noticably  less  able  to 
isolate  a  submerged  package  from  its  environment. 

From  Table  2  the  effect  temperature  has  on  permeation  rate  is  ap¬ 
parent.  This  of  course  was  to  be  expected  in  light  of  (a)  the  extreme 
increase  in  solubility  with  temperature,  and  (b)  the  exponential  de¬ 
pendence  of  diffusivity  on  temperature  (eq.  4) .  This  parameter  points 
out  the  importance  of  such  factors  as  operating  temperature  of  the 
system. 
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ABSTRACT 

The  vertical  changes  in  sedimentary  structures  (festoon  cross  laminations,  planar 
laminations,  and  ripples)  accompanied  by  an  upward  decreasing  grain  size  have 
been  well-documented  for  both  ancient  and  recent  channel  sandstones.  These  vari¬ 
ations  have  been  related  to  sequential  changes  in  flow  regime  as  the  thalweg  of  the 
channel  migrates.  However  in  many  areas  of  petroleum  exploration,  sedimentary 
structures  can  not  be  studied  since  surface  outcrops  and  conventional  cores  are  not 
available. 

This  paper  illustrates  how  vertical  variations  in  median  diameter,  sorting,  and 
percent  finer  than  4.50  together  with  electric  log  SP  curve  responses  can  be  related 
to  changes  in  sedimentary  structures  and  flow  regime  in  channel  sequences.  The 
advantage  of  this  method  in  environmental  reconstruction  is  that  it  can  be  used  on 
sidewall  cores  which,  because  of  lower  cost,  are  more  readily  available  to  the  sub¬ 
surface  geologist. 

INTRODUCTION 

The  sedimentation  sequence  of  a  channel  sandstone  is  the  result  of 
lateral  migration  of  the  thalweg.  This  migration  yields  a  characteristic 
vertical  and  lateral  sequence  of  sedimentary  structures  and  textures 
that  has  been  related  to  changes  in  the  flow  regime  (Visher,  1965: 
116;  Harms  and  Fahnestock,  1965;  84).  This  sequence  of  sedimentary 
structures  consists,  in  ascending  order,  of  festoon  cross  laminations, 
planar  laminations,  and  ripples;  all  of  which  are  accompanied  by  an 
upward  decrease  in  grain  size  (Fig.  1 ) . 

Although  sedimentary  structures  are  preferred  for  sedimentologic 
reconstruction  of  ancient  channel  sands,  they  cannot  be  used  in  many 
areas  of  petroleum  exploration  for  lack  of  outcrops  or  conventional 
cores.  Although,  the  subsurface  geologists  usually  has  available  only 
electric  logs  and  drill  cuttings,  this  information,  when  combined  with 
sidewall  cores  which  are  relatively  easy  and  inexpensive  to  obtain, 
can  provide  a  valuable  tool  for  environmental  interpretation. 

While  the  purpose  of  this  paper  is  to  illustrate  an  application  of 
textural  analysis  and  SP  electric  log  response  to  the  recognition  of 
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channel  sandstones,  the  same  approach  might  also  be  applied  to  the 
environmental  reconstruction  of  other  sand  bodies.  The  principal  ad¬ 
vantage  of  this  method  is  that  it  can  be  applied  to  the  material  most 
often  available  to  the  subsurface  geologist. 

The  techniques  reported  in  this  paper  were  developed  and  tested  by 
a  surface  and  subsurface  investigation  of  channel  sandstones  of  the 
Texas  Gulf  Coast.  Initially,  a  detailed  study  was  made  of  sedimentary 
structures  and  textures  of  an  outcropping  channel  sandstone  of  the 
lower  Miocene  Oakville  Formation  located  in  Grimes  County,  Texas, 
along  U.  S.  Highway  90  between  the  towns  of  Navasota  and  Anderson. 
This  provided  a  fluvial  model  of  a  channel  sandstone  which  was  ex¬ 
tended  to  other  lower  Miocene  channel  sandstone  bodies  located  down- 
dip  in  the  Gulf  of  Mexico.  These  channel  standstones,  known  only 
from  drilling,  were  studied  using  conventional  cores,  sidewall  cores, 
and  electric  logs.  Throughout  the  study,  the  textural  variations  and 
SP  response  were  related  to  the  sedimentary  structures  in  order  to  de¬ 
termine  the  reliability  of  using  textural  variations  and  SP  response 
alone  in  the  interpretation  of  ancient  environments. 

The  textural  analyses  were  done  with  a  sonic  sifter  using  sieves. 


FLUVIAL  MODEL 


Fig.  1.  Fluvial  model  of  sedimentation  in  a  channel  sandstone  {LFR— lower  flow  regime, 
UFR- — upper  flow  regime) 
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The  statistical  parameters  were  based  upon  the  formulas  developed  by 
Folk  and  Ward  (1957:  3). 

APPLICATION  OF  THE  METHOD 

A  fluvial  model,  developed  from  outcropping  channel  sandstone  of 
the  Oakville  Formation  in  Grimes  County,  Texas,  was  used  as  a  stand¬ 
ard  to  which  subsurface  data  could  be  compared.  Figure  2  illustrates 
the  vertical  variations  in  sedimentary  structure  and  textures  (grain 
size)  of  the  model  and  the  hydrodynamic  interpretation  of  the  en¬ 
vironment  of  deposition. 

The  subsurface  part  of  this  investigation  was  carried  out  on  2  lower 
Miocene  sandstone  bodies  located  offshore  in  the  Gulf  of  Mexico.  One 
was  studied  using  electric  logs  and  conventional  cores;  the  other  was 
studied  using  electric  logs  and  sidewall  cores.  The  first  sandstone  was 
interpreted  to  be  a  channel  sandstone  body  on  the  basis  of  the  sedi¬ 
mentary  structures  observed  in  the  cores.  The  2nd  sandstone  was  also 
interpreted  to  be  a  channel  sandstone  although  the  characteristic 
sedimentary  structures  were  not  observable  because  of  the  small  size 
of  the  sidewall  cores.  The  type  of  sedimentary  structure  in  the  2nd 
sandstone  body,  however,  was  inferred  from  the  close  coincidence  of 
its  textural  characteristics  with  those  of  channel  sandstones  from  the 
outcrop  and  from  conventional  cores  of  the  first  subsurface  sandstone 
body.  This  is  shown  on  Figure  3,  a  binary  plot  of  the  median  grain 
diameter  and  the  standard  deviation  (sorting)  of  the  sand  from  the 
3  bodies;  2  of  which  were  reliably  known  to  represent  channel  sand¬ 
stones.  This  diagram  shows  that  samples  from  the  different  sedimen¬ 
tary  structures  (festoon  cross  laminations,  planar  laminations,  and 
ripples)  tend  to  cluster  in  certain  parts  of  the  plot.  This  observation, 
although  believed  to  be  generally  valid,  should  not  be  used  alone  to 
interpret  ancient  environments  until  and  unless  additional  testing  of 
this  hypothesis  proves  its  correctness. 

The  SP  (spontaneous  potential)  response  on  electric  logs  is  a  useful 
and  convenient  tool  in  determining  the  texture  of  sediments  of  con¬ 
trasting  mineralogy  (e.g.,  SP  response  decreases  with  increasing  clay 
content).  This  fact,  when  combined  with  the  observation  that  the 
sedimentary  structures  of  channel  sandstones  appear  to  have  charac¬ 
teristic  textures,  allows  one  to  infer  that  textural  data  and  SP  curves 
can  be  related  to  one  another.  This  hypothesis  is  tested  in  Figure  4,  a 
binary  plot  of  median  grain  size  versus  percent  finer  than  4.5<£  (less 
than  0.44  mm)  to  which  has  been  added  SP  curves.  This  diagram 
reveals  that  as  the  median  diameter  decreases,  the  percentage  of  fines 
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Fig.  3.  Plot  of  median  grain  diameter  vs.  standard  deviation  lower  Miocene  channel 
sandstones  Texas  Gulf  Coasf. 

increases  and  these  changes  are  accompanied  by  an  upward  decrease 
in  the  SP  response. 

Overlap  of  some  data  points  on  Figure  4,  however,  introduces  an 
element  of  uncertainty  as  the  reliability  of  such  a  plot  in  the  determi¬ 
nation  of  sedimentary  structures  from  these  2  parameters.  It  is  be- 
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lieved  that  this  conflict  is  more  apparent  than  real  because  simple 
2-dimensional  plots  cannot  adequately  portray  a  multidimensional 
situation.  In  an  attempt  to  resolve  this  problem  Factor  Analysis  was 
used.  This  is  a  mathematical  method  which  permits  a  comparison  of 
the  entire  grain  size  distribution  of  the  different  samples  rather  than 
only  2  parameters;  it  attempts  to  determine  the  maximum  number  of 
independent  dimensions  needed  to  account  for  most  of  the  variation. 


Fig.  4.  Plot  of  median  grain  diameter  vs.  percent  finer  than  4.5<p,  lower  Miocene 
channel  sandstones  Texas  Gulf  Coast.  The  small  lines  adjacent  to  SP  curves  represent  where 
samples  were  collected. 
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Fig.  5.  PI  of  of  normalized  factor  components  (O-mode}  lower  Miocene  channel  sand¬ 
stones  Texas  Gulf  Coast  (31  samples  with  12  components  each).  Symbols  are  the  same  as 
on  Figs.  3  and  4. 

For  a  detailed  description  of  Factor  Analysis  the  reader  is  referred  to 
Imbrie  and  Van  Andel  (1964:  1131-1156). 

The  method  of  Factor  Analysis  used  on  the  lower  Miocene  channel 
sandstones  was  first  done  by  Klovan  (1966;  115).  A  Q-mode  (com¬ 
parison  of  samples)  was  run  on  the  31  samples  with  12  components 
per  sample.  The  weight  percent  of  sand  at  each  interval  made 
up  the  components.  Following  the  procedure  of  Klovan,  the  3  most 
important  rotated  factor  loadings  were  squared  to  make  them  factor 
components.  The  factor  components  were  then  divided  by  the  com- 
munality  which  in  effect  normalizes  the  data  for  a  3-component  plot. 
The  resulting  data,  plotted  in  a  triangular  diagram  (Figure  5)  indi¬ 
cate  that  the  3  types  of  sedimentary  structures  are,  indeed,  distin¬ 
guishable  by  their  textural  characteristics. 

CONCLUSIONS  AND  SUMMARY 

Textural  data  and  SP  curve  shapes  were  used  to  recognize  ancient 
channel  sandstones  in  the  lower  Miocene  Oakville  Formation  of  the 
Texas  Gulf  Coast.  Vertical  variations  in  the  median  diameter,  stand¬ 
ard  deviation,  and  percent  finer  than  4.5$>  are  related  to  changes  in 
sedimentary  structures  and  thus  to  changes  in  flow  regime.  The  SP 
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curve  response  is  affected  by  vertical  variations  in  grain  size  and  can 
also  be  correlated  with  changes  in  flow  conditions.  Factor  Analysis, 
which  employs  the  entire  grain  size  distribution,  is  more  reliable  than 
binary  textural  plots  in  the  determination  of  sedimentary  structures 
from  textural  parameters  of  sand  grains. 

In  areas  of  petroleum  exploration,  the  relationships  of  textural 
parameters  and  SP  curve  response  can  be  applied  to  environmental  re¬ 
construction.  The  advantage  of  this  method  is  that  it  can  be  applied  to 
sidewall  cores,  drill  cuttings,  and  electric  logs  where  conventional 
cores  are  not  available. 
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Functional  Analysis  of  Large  Bifaces 

From  San  Saba  County,  Texas 
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Department  of  Anthropology ,  University  of  California , 
Berkeley  and  Box  84 ,  Richland  Springs ,  Texas 

ABSTRACT 

Microscopic  and  edge  angle  studies  have  been  carried  out  on  a  sample'  of  large, 
stemmed  bifaces  from  archaeological  sites  in  San  Saba  County,  central  Texas.  With 
the  data  derived  from  these  analyses,  we'  have  developed  the  hypothesis  that  these 
specimens  were  used  as  knives. 

INTRODUCTION 

We  have  recently  examined  a  group  of  stemmed  bifaces  from  ar¬ 
chaeological  sites  in  San  Saha  County,  central  Texas.  These  large 
objects  of  chipped  stone  (Fig.  1)  have  been  found  in  various  parts  of 
the  central  Texas  region  and  are  referred  to  in  the  literature  as 
“knives”  (Kelly,  1961:  Fig.  10,  A)  or  “spearheads”  (Woolsey,  1938: 
120).  Green  has  collected  5  examples  from  sites  in  the  vicinity  of 
Richland  Springs,  and  these  were  analyzed  in  an  attempt  to  deter¬ 
mine  their  actual  function. 

Since  these  artifacts  were  collected  from  the  surface  of  open  occu¬ 
pation  sites,  we  had  to  be  certain  that  we  did  not  interpret  alterations 
induced  by  nature  as  evidence  of  use-wear  (Barnes,  1939).  Two  fac¬ 
tors  which  could  have  led  to  such  natural  alterations  are  ( 1 )  soil  move¬ 
ments  and  (2)  surface  exposure  to  the  elements.  We  believe  that 
neither  acted  on  the  pieces  described  here.  The  soils  of  the  open  sites 
in  which  these  artifacts  were  once  buried  are  not  subject  to  ground- 
heaving  or  solifluxion  (Rordes,  1969:  20),  and  they  seem  to  lie  outside 
the  distribution  of  the  dynamic  vertisols  described  by  Duffield  (1970) . 
Secondly,  these  specimens  were  collected  very  soon  after  exposure  and 
had  not  been  vulnerable  to  sand  blasting,  thermal  fracture,  or  other 
weathering  processes. 

Our  study  of  the  biface  sample  followed  the  procedures  set  down  by 
Semenov  (1964)  and  Hester  (1970a).  A  binocular  microscope  (with 
75X  magnification  and  an  independent  light  source)  was  the  prin¬ 
cipal  instrument  used  in  the  examination.  Edge  angles  were  measured 
with  a  goniometer. 
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DESCRIPTIVE  DATA 

Here  we  present  descriptions  of  the  5  study  examples  and  the  raw 
data  obtained  in  our  analyses.  All  of  the  specimens  have  broad,  mas- 
sive  bodies  and  short,  poorly-defined  stems  formed  by  basal  notches 
(see  Fig.  1 ) .  Beveling  occurs  on  the  left  edge  of  4  specimens. 

Specimen  1  (Fig.  1,  B).  Mottled  brown  chert;  beveled  on  left  edge. 


Fig  1.  Large  Stemmed  Bifaces  from  San  Saba  County ,  Texas.  A,  specimen  2;  B,  specimen 
1;  C,  specimen  3;  D,  specimen  4;  E,  specimen  5. 
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Dulling  resulting  from  use  is  found  in  a  12  mm.  area  near  the  distal 
tip  on  the  right  edge;  there  is  some  nibbling  (or  step-flaking)  along 
both  lateral  edges  but  we  are  not  sure  that  this  is  a  result  of  use. 

Specimen  2  (Fig.  1,  A).  Cream-colored  chert;  beveled  left  edge. 
Portions  of  the  entire  right  edge  show  varied  dulling,  with  heavy 
dulling  restricted  to  a  7  mm  area  near  the  tip  (Fig.  3).  There  is  also 
dulling  on  the  shoulder  of  the  beveled  edge  (however,  this  dulling 
does  not  extend  onto  the  beveled  portion) . 

Specimen  3  (Fig.  1,  C).  Brown-gray  chert., (slightly  patinated;  in¬ 
terior  is  gray) ;  beveled  left  edge.  Light  dulling  is  found  along  the  cen¬ 
tral  portion  of  the  right  edge.  The  distal  portion  of  this  piece  has  been 
broken  and  crudely  reworked.  Dulling  resulting  from  use  is  present 
on  this  edge,  heaviest  in  an  8  mm  area  near  the  tip  (Fig,  4) . 

Specimen  4  (Fig.  1,  D).  Variegated  gray  chert;  beveled  left  edge. 
Parts  of  the  right  edge  are  dulled,  with  moderate  dulling  near  the  tip 
and  heavy  dulling  and  polishing  on  the  shoulder.  Flecks  of  a  black 
residue  are  present  in  one  of  the  basal  notches  and  along  the  shoulder 
of  the  beveled  edge. 

Specimen  5  (Fig.  1,  E).  Variegated  gray-tan  chert;  no  beveling 
present.  The  distal  tip  has  been  snapped  off.  Moderate  to  heavy  dulling 
is  present  on  the  left  edge  near  the  break  and  dulling  occurs  on  the 
shoulder  of  that  same  side.  Only  random  light  dulling  is  found  on  the 
right  edge.  Remnants  of  a  black  residue  are  found  on  the  stem  and 
along  the  notches. 

INTERPRETATIONS 

It  would  be  a  rather  meaningless  exercise  to  develop  broad  infer¬ 
ences  using  such  a  small  sample;  however,  we  do  think  that  some  use¬ 
ful  interpretive  comments  can  be  made.  First,  let  us  summarize  many 
of  the  data  recorded  in  our  analyses.  Four  of  the  specimens  are  bev¬ 
eled,  always  on  the  left  edge  (edge  angles  vary  from  40°  to  50°),  and 
these  edges  hear  no  evidence  of  use  other  than  nibbling.  It  is  possible 
that  the  beveling  represents  a  resharpening  technique  designed  to  re¬ 
juvenate  a  dulled  edge  (Sollberger,  1971).  The  right  edges  bear  dull¬ 
ing  in  various  forms,  with  heaviest  dulling  found  near  the  distal  end. 
Dulling  was  also  noted  on  the  shoulders  of  some  specimens.  Such 
dulling  might  result  from  the  mode  of  hafting,  or  the  strongest  part 
of  a  baited  composite  tool  might  have  been  near  the  haft  and  was  thus 
used  for  arduous  tasks.  Similar  wear  patterns  have  been  observed  on 
Nevada  halted  knives  (Hester,  1970a:  46).  Unfortunately,  none  of 
the  dulling  has  any  specific  characteristics  which  might  make  possi- 
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mastic 


Fig.  2.  Possible  Methods  of  Hatting,  left,  biface  secured  with  mastic;  right,  biface 
secured  by  binding. 


ble  an  unequivocal  functional  identification  of  the  bifaces.  The  dull¬ 
ing  varies  from  light  to  heavy  and  is  restricted  to  a  narrow  band 
along  the  lateral  edge;  blunting  of  the  protrusions  along  the  edge  oc¬ 
curs,  but  there  is  no  evidence  of  wear  (polishing  or  dulling)  on  flake 
scars  adjacent  to  this  edge.  The  angles  of  the  right  edges  range  from 
25°  to  35°.  Edge  angle  data  presented  by  Wilmsen  (1968:  156)  links 
such  acute  edge  angles  with  cutting  operations.  Given  the  wear  pat¬ 
tern  and  edge  angle  data,  we  feel  there  is  sufficient  basis  to  postulate 
the  use  of  these  bifaces  as  knives  or  cutting  tools.  Perhaps  the  varied 
types  of  dulling  reflect  the  use  of  these  knives  on  pliable  substances, 
where  the  edge  was  not  in  constant  contact  with  the  material  being 
cut.  If  so,  the  edges  did  not  become  embedded  in  the  material  because 
they  lack  the  traits  (such  as  polish  on  flake  scars  adjacent  to  the  edge) 
of  knives  used  in  this  manner  (see  Semenov,  1964:  106).  In  other 
words,  if  they  were  used  in  cutting  a  soft,  pliable  substance  (such  as 
skin  or  meat) ,  only  the  edge  came  in  contact  with  it. 

These  specimens  definitely  lack  the  types  of  wear  which  are  known 
to  be  associated  with  the  cutting  of  wood  (Crabtree  and  Davis,  1968), 
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bone,  or  stone  (Witthoft,  1955;  Wheeler  1965).  Only  controlled  ex¬ 
perimentation,  such  as  that  done  by  Abler  (1971),  with  similar  tools, 
used  on  a  variety  of  materials,  will  provide  indications  of  their  actual 
function. 

We  would  like  to  make  some  final  comments  on  the  possible  manner 
in  which  these  large  knives  were  hafted.  We  have  little  in  the  way 
of  comparative  data  from  the  Texas  area.  Sayles  (1941)  has  reported 
a  hafted  biface  from  western  Texas.  He  describes  it  (p.  164)  as  a 

.  .  bevelled  blade  of  mottled  red  chert  set  in  a  wooden  handle  with 
resin.  .  .  The  burial  caves  of  western  Coahuila  have  produced  large 
triangular  bifaces  hafted  on  short  wooden  handles,  secured  only  with 
resin  (Aveleyra  Arroyo  de  Anda,  et  aL,  1956).  Unifacial  scraping 


Fig.  3.  Use-Wear  on  Specimen  2.  (left),  Specimen  2,  with  area  of  edge  dulling  indicated 
by  dashed  lines;  fright),  photomicrograph  of  dulled  edge  as  indicated  on  Specimen  2. 
Dulling  appears  as  a  narrow  band  along  edge  Cnote  arrow).  Magnification  15X  (23X  linear). 
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Fig.  4.  Use-wear  on  Specimen  3.  (left),  Specimen  3,  with  area  of  edge  dulling  indicatd 
by  dashed  lines;  (right),  photomicrograph  of  dulled  edge  as  indicated  on  Specimen  3. 
Dulling  appears  as  a  narrow  band  along  edge  (note  arrow).  Magnification  1 5X  (20X 
linear). 


Table  1 

Dimensions  and  weights  of  large  stemmed  bifaces  from  San  Saba,  County,  Texas. 
All  measurements  are  in  millimeters. 


Specimen 

number 

Length 

Maximum 

width 

Maximum 

thickness 

Stem 

length-width 

Weight 

(grams) 

1 

121 

54 

10 

9 

24 

71 

2 

128 

53 

11 

7 

20 

85 

3 

106* 

34 

10 

6 

18 

38 

4 

121 

48 

10 

7 

25 

65 

5 

116f 

42 

8 

9 

20 

53 

Mean: 

118 

46 

10 

8 

21 

62 

*  Reworked  specimen, 
f  Specimen  lacking  distal  tip. 
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tools  from  that  area  are  hafted  in  a  similar  manner,  although  stemmed 
examples  are  hafted  by  binding  (Hester,  1971).  The  unstemmed 
knives  from  Humboldt  and  Lovelock  Caves,  Nevada,  were  hafted 
using  both  binding  and  the  application  of  a  resin  (Hester,  1970a). 
However,  in  3  instances  the  binding  was  confined  below  the  stone 
blade  and  was  intended  to  prevent  further  splitting  of  the  cut  into 
which  the  biface  had  been  inserted;  in  a  4th  case,  the  binding  cov¬ 
ered  the  proximal  part  of  the  biface.  The  stems  on  the  San  Saba  bifaces 
certainly  indicate  that  they  were  hafted.  The  residues  which  occur 
on  the  stems  of  2  specimens  suggest  that  some  sort  of  mastic  (perhaps 
a  resin)  was  used  in  securing  them  to  a  haft.  As  we  noted  earlier,  some 
specimens  have  the  lower  lateral  edges  lightly  dulled.  This  could  he 
related  to  the  wrapping  or  binding  of  the  biface  to  the  haft;  in  such  a 
case,  the  lower  lateral  edges  would  have  to  be  smoothed  so  that  they 
would  not  cut  the  binding  material.  In  Fig.  2,  we  have  illustrated  2 
ways  in  which  these  bifaces  could  have  been  hafted.  For  additional 
examples  of  prehistoric  hafted  bifaces,  see  Willoughby  (1902). 

In  conclusion,  it  is  our  hypothesis  that  these  large  bifaces  were  used 
as  knives,  specifically  for  the  cutting  of  pliable  materials.  In  addition, 
there  is  evidence  that  these  pieces  were  hafted  during  use.  Although 
we  are  not  prepared  to  link  the  use  of  these  tools  to  either  males  or 
females,  it  is  intriguing  to  note  that  a  very  similar  specimen  (not 
beveled,  but  with  dimensions  approximating  those  given  in  Table  1) 
was  found  with  the  burial  of  a  woman  at  the  Luce  site  in  Uvalde 
County,  central  Texas  (Hester,  1970b:  246). 
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THE  PORCUPINE  ( ERETH1Z0N  DORSATUM  LINNAEUS)  IN  THE  TEXAS 
PANHANDLE  AND  ADJACENT  NEW  MEXICO  AND  OKLAHOMA— Distri¬ 
butional  records  of  the  porcupine  are  lacking  for  much  of  western  Texas  and  eastern 
New  Mexico  (Hall  and  Kelson,  1959.  The  Mammals  of  North  America ,  Ronald 
Press,  Vol.  2:  782).  Davis  (1960,  The  Mammals  of  Texas ,  Texas  Parks  and  Wildlife 
Dept.,  Bull.  No.  41 )  reported  additional  specimens  from  the  Big  Bend  area  of  Texas 
eastward  to  Kerr  County.  He  also  reported  definite  records  from  Foard,  Taylor,  and 
Mason  counties  to  the  North.  Blair’s  (1954,  Texas  J.  Sci .,  6:  235-264)  record  from 
Hutchinson  Co.  and  Milstead  and  Tinkle’s  (1958,  Southwestern  Nat.,  3  :  236-237) 
records  from  Lubbock,  Armstrong,  and  Lamb  Co.,  are  the  only  collection  sites 
between  these  localities  and  the  easternmost  localities  in  New  Mexico.  The  New 
Mexico  records  are  from  Santa  Fe  Co.  (Seton,  1932,  /.  Mammal.,  13:  168-169)  and 
Colfax  Co.  (Hill,  1942,  J.  Mammal.,  23:  75-82).  Additionally,  from  Oklahoma  the 
porcupine  has  been  reported  only  from:  Cimarron  Co.  (Glass,  1949,  Proc.  Okla. 
Acad.  Sci.,  for  1949,  pp.  26-30;  Blair,  1939,  Amer.  Midland  Nat.,  22:  127);  Coman¬ 
che  Co.,  Harper  Co.,  and  Jackson  Co.  (McMurry,  1944,  /.  Mammal .,  25:  413).  The 
purpose  of  the  present  paper  is  to  present  additional  information  on  the  distribution 
of  porcupine  in  these  areas. 

The  pihon- junior  woodlands  along  the  Cimarron  River  in  northern  Union  Co., 
New  Mexico,  appears  to  be  well-utilized  habitat  by  porcupines.  On  30'  May  1970, 
an  adult  male  was  collected  on  Pepper  Ranch,  5.5  mi.  N,  33.6  mi.  E  Folsom, 
Union  Co.,  New  Mexico  (ENMU  2762),  and  on  26  February  1969,  an  adult  male 
was  collected  about  25  miles  downstream  at  0.7  mi.  E,  1.3  mi.  N  Kenton,  Cimar¬ 
ron  Co.,  Oklahoma  (ENMU  2763).  Sight  records  in  this  region  include:  OKLA¬ 
HOMA — Cimarron  Co.,  4  mi.  N  Kenton;  1.5  mi.  E  Kenton.  The  drainage  area  of 
the  Cimarron  River  was  the  only  area  studied  where  the  species  was  common. 

Specimens  collected  at  the  following  localities  were  collected  singly  and  in  areas 
that  did  not  appear  favorable  for  porcupine  habitation  (i.e.,  relatively  flat  open 
grasslands  and  irrigated  grain  fields  for  the  most  part):  NEW  MEXICO — Curry 
Co.,  1  y2  mi.  S,  y2  mi.  W  Melrose  (ENMU  580;  29  June  1966);  Roosevelt  Co., 
10  mi.  W,  10  mi.  S  Melrose  (ENMU  107;  6  November  1966);  OKLAHOMA— 
Ellis  Co.,  Fargo  (UOMZ  5389;  30  August  1968);  and  TEXAS — Parmer  Co.,  2.3 
mi.  SW  SW  Bovina  (ENMU  2764;  22  August  1971).  Sight  records  include:  NEW 
MEXICO — Roosevelt  Co.,  0.5  mi.  N  Tolar;  1.7  mi.  S  Tolar;  Curry  Co.,  Blanco 
Creek,  18.5  mi.  N  Clovis;  Union  Co.,  Clayton;  OKLAHOMA— Woods  Co.,  Alva. 
Our  material  is  not  adequate  for  reference  to  any  one  of  the  described  subspecies. 

Specimens  are  deposited  in  the  Eastern  New  Mexico  University  Natural  History 
Museum  (ENMU)  and  the  University  of  Oklahoma  Stovall  Museum  of  Science  and 
History  (UOMZ).  We  would  like  to  thank  Gary  D.  Schnell  for  critically  reading 
this  manuscript. — Troy  L.  Best  and  Michael  L.  Kennedy,  Department  of  Zoology 
and  Stovall  Museum  of  Science  and  History ,  The  University  of  Oklaho'ma ,  Norman, 
73069 .  Accepted  for  publication  Nov.  22, 1971. 

HIBERNATION  SITES  OF  ANOLIS  CAROLINENSIS  AND  SCELOPORUS  UN- 
DULATUS. — -Hibernation  sites  of  green  ancles  ( Anolis  carolinensis )  and  fence  liz¬ 
ards  ( Sceloporus  undulatus )  were  compared  in  Nacogdoches  County,  Texas  during 
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the  winter  of  1969-70.  Three  sheet  metal  enclosures,  2.0  m  in  diameter  and  1.2  m 
in  height,  were  located  in  an  area  having  high  lizard  populations.  The  enclosures 
were  sunk  0.5  m  into  the  ground  and  covered  with  hardware  cloth  to  prevent  lizards 
Prom  escaping.  Logs,  rocks,  and  branches  were  scattered  over  the  undisturbed  grass 
and  sandy-clay  soil  within  the  enclosures.  On  22  November,  10  anoles  were  placed 
in  one  enclosure,  10  fence  lizards  in  another  and  5  anoles  and  5  fence  lizards  in  the 
3rd.  These  lizards,  which  were  captured  in  the  area  near  the  enclosures,  became 
inactive  by  December  when  they  presumably  entered  hibernation.  On  20  January, 
enclosures  were  removed  and  all  grass,  debris,  humus,  and  soil  to  a  depth  of  0.5  m 
was  thoroughly  searched  for  lizards.  The  temperature  had  been  below  freezing  for 
several  previous  nights  and  air  temperature  was  0  C  when  lizards  were  recovered. 

There  was  only  slight  mortality  during  the  2-month  period  that  lizards  were  in 
enclosures.  Thirteen  of  15  fence  lizards  were  found,  and  all  were  alive.  Fourteen 
of  15  anoles  were  recovered  but  one  was  dead.  The  majority  of  hibernating  lizards 
and  especially  anoles  were  found  in  the  northern  portion  of  the  enclosures.  The  lo¬ 
cation  of  the  14  anoles  was  as  follows:  northeastern  quadrant — 9,  northwestern 
quadrant — 4,  southeastern  quadrant — 1,  and  southwestern  quadrant — 0.  By  com¬ 
parison,  the  location  of  the  13  fence  lizards  was  as  follows:  northeastern  quadrant — 
4,  northwestern  quadrant — 3,  southeastern  quadrant — 4,  southwestern  quadrant — 3. 
Chi-square  tests  indicate  that  anoles  were  not  randomly  distributed  within  the  en¬ 
closures  (X2  =  14.00,  P  <  0.01)  but  fence  lizards  were  (X2  =  1.05,  P  >  0.90). 
These  tests  also  indicate  that  differences  in  distribution  of  the  2  species  were  sta¬ 
tistically  significant.  Ground  temperatures  were  not  measured  but  the  air  tempera¬ 
ture  inside  the  enclosure  was  higher  than  that  outside.  At  a  height  of  0.5  m  above 
the  ground,  temperature  was  1-3  C  higher  on  the  inside.  Since  the  sun  in  winter 
is  south  of  its  zenith,  the  northern  portion  of  an  enclosure  would  be  expected  to 
have  higher  temperatures  than  the  southern  portion.  We  have  no  explanation  for 
more  anoles  than  fence  lizards  being  found  in  the  north  end,  but  those  fence  lizards 
on  the  south  end  were  deeper  than  those  on  the  north  end. 

The  majority  of  the  lizards  were  curled  up  in  depressions  on  the  surface  and 
covered  with  humus  and  dried  grass.  The  others  were  in  holes,  which  they  appar¬ 
ently  dug,  that  varied  from  10  to  125  mm  below  the  surface  (Table  1);  only  one, 
an  anole,  was  under  a  log.  Mean  hole  depth  (excluding  those  found  on  the  surface) 
was  29.5  mm  for  anoles  and  30.5  mm  for  fence  lizards.  No  fence  lizards  or  anoles 
were  in  contact  with  the  sheet  metal,  but  several  were  within  150  mm.  All  lizards 
did  not  assume  the  same  body  position.  Most  lizards  found  on  the  surface  were  in 
a  coiled  position  whereas  those  found  in  holes  usually  had  their  tails  parallel  to 
their  bodies.  Those  in  holes  were  slanted  upward  with  their  head  pointed  toward 
the  surface.  Most  individuals  were  not  close  to  others  but  a  few  were  coiled  together. 
Three  aggregations  were  found:  2  fence  lizards,  2  anoles,  and  3  anoles. 

Table  1 


Number  of  hibernating  lizards  found  at  different  depths  in  the  soil. 


Species 

surface 

Depth  (mm) 

10-25  26-75 

76-125 

Green  anoles 

8 

5 

0 

1 

Fence  lizards 

5 

6 

1 

1 
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These  findings  differ  slightly  from  those  of  other  authors  who  have  reported  on 
hibernating  lizards.  Neill  (1948,  Herpetologica ,  4:  107-114)  noted  thpt  anoles  were 
gregarious  hibemators  with  6  to  8  individuals  commonly  found  together,  usually 
beneath  the  bark  of  stumps  or  under  rotten  logs.  He  reported  that  fence  lizards  were 
usually  found  singly,  occasionally  2  or  3  specimens  together.  Hamilton  ( 1 948  Copeia, 
1948:  211)  found  both  anoles  and  five-lined  skinks  ( Rumeces  fasciatus )  hibernating 
together,  with  6-7  individuals  in  each  group.  The  distribution  of  lizards  in  relation  to 
logs,  rocks,  and  branches  in  our  study  (1  of  27  under  an  object)  indicated  there  was 
neither  a  response  to  nor  avoidance  of  these  objects.  A  chi-square  test,  using  surface 
area  occupied  by  objects  as  compared  to  that  unoccupied  to  calculate  observed  and 
expected,  yields  a  nonsignificant  value  of  2.40.  Although  authors  such  as  Neill  and 
Hamilton  have  found  anoles  and  fence  lizards  beneath  bark  and  under  logs,  this  does 
not  necessarily  indicate  a  preference  for  these  objects.  These  and  other  authors  have 
not  examined  equal  areas  of  ground  and  logs  (or  did  not  report  it),  but  probably 
examined  bark  and  logs  due  to  the  ease  of  examination.  Our  experience  indicates 
that  those  lizards  curled  in  ground  depressions  or  several  inches  deep  in  holes  are 
much  more  difficult  to  locate  than  those  under  logs  or  beneath  bark. 

The  lack  of  denning  aggregations  in  our  lizards  may  be  due  to  their  being  from 
different  locations  and  not  previously  encountering  each  other  in  their  daily  move¬ 
ments.  Thus,  there  might  be  less  possibility  of  social  denning  than  with  those  indi¬ 
viduals  which  were  from  the  same  area  and  had  an  established  familiarity  and 
dominance  order.  The  experimental  design  (10  anoles,  10  fence  lizards,  and  5  anoles 
plus  5  fence  lizards)  produced  no  noteworthy  variations  in  hibernation  behavior. 

In  conclusion,  this  study  indicates  that  anoles  and  fence  lizards  may  be  less  likely 
to  hibernate  under  objects  than  was  previously  believed.  Also,  social  denning  in 
these  lizards  may  not  involve  an  aggregation  of  “unrelated”  individuals  as  appears 
to  be  true  with  snakes. — Edwin  D.  Michael  and  Thomas  F.  Bailey ,  Biology  Depart¬ 
ment,  Stephen  F.  Austin  State  University ,  Nacogdoches ,  Texas.  Present  address 
(Michael):  Division  of  Forestry,  West  Virginia  University,  Morgantown,  26506. 
Accepted  for  publication:  Feb.  2,  1972. 

A  RECORD-SIZED  SPECIMEN  OF  THE  TEXAS  HORNED  LIZARD  ( PHRY - 
NOSOMA  CORNUTUM) .  Conant  (A  Field  Guide  to  Reptiles  and  Amphibians  of 
the  United  States  and  Canada  East  of  the  100th  Meridian.  Houghton  Mifflin,  Bos¬ 
ton,  p.  89,  1958)  and  Stebbins  (A  Field  Guide  to  Western  Reptiles  and  Amphibians. 
Houghton  Mifflin,  Boston,  p.  114,  1966)  recorded  the  maximum  size  of  the  Texas 
Homed  Lizard  ( Phrynosoma  cornutum )  as  4% "  (108  mm.)  snout-vent,  Conant  also 
recorded  5 Ygrr  (130  mm.)  as  an  over-all  length.  An  adult  female  P.  cornutum 
(UNM  207691)  was  collected  DOR  on  U.S.  Highway  385  approximately  %  mile 
N.  of  Nine  Point  Draw  (19  miles  N.,  3  miles  W.  of  Panther  Junction),  Big  Bend 
National  Park,  Brewster  County,  Texas,  by  the  authors  on  23  June  1969.  This 
specimen  measured  130  mux.  snout- vent  and  180  mm.  in  total  length  when  fresh, 
thus  equalling  in  snout-vent  length  the  maximum  reported  total  length  for  the 
species. 

A  second  large  specimen  was  collected  by  the  authors  and  Bonita  Lucchino  on 
6  July  1969,  at  nearly  the  same  location.  This  specimen  (UNM  20768)  is  also  a 
female,  and  measured  115  mm.  snout- vent  length  and  153  mm.  in  total  length. 
Both  this  specimen  and  UMW  20869  were  measured  on  17  January  1970  (after 
being  in  preservation  more  than  six  months)  and  it  was  found  that  each  had  de¬ 
creased  3  mm.  in  length. 
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In  this  monograph  of  the  genus  Phrynosoma ,  Reeve  (University  of  Kansas  Sci. 
Bull.  XXIV  (14):  817-960,  1952)  did  not  give  a  maximum  size  for  P.  cornutum , 
but  in  his  discussion  of  the  Mexican  form  P.  asio ,  he  reports  a  maximum  snout-vent 
length  for  P.  asio  of  115  mm.  and  a  total  length  of  202  mm.  UNM  20769  and  20768 
exceed  this  snout  vent  length  of  P.  asio ,  but  are  exceeded  in  total  length  by  the 
long-tailed  Mexican  form. 

In  addition  to  their  size,  these  P.  cornutum  are  of  interest  because  they  provide  a 
valid  recent  record  for  this  species  in  Big  Bend  National  Park.  Previous  records  are 
most  likely  of  escaped  or  released  pets.  As  well-meaning,  but  misinformed,  park 
visitors  come  to  the  Headquarters  Visitor  Center  at  Panther  Junction  and  to  the 
Basin  of  the  Chisos  Mountains  (the  latter  a  most  unlikely  habitat  for  this  plains- 
dwelling  species)  they  released  their  captives  in  the  park  (witness  the  discovery 
of  a  lone  Gopherus  in  the  Basin  Campground  at  an  elevation  of  over  5000'  ft.  in 
June  1969)  when  the  animal  has  outlived  its  usefulness  or  is  discovered  by  parents. 
The  P.  cornutum  reported  here  were  collected  in  a  habitat  favorable  to  the  species 
(mesquite-grass  flat  between  two  large  dry  washes)  and  far  removed  from  the  like¬ 
lihood  of  purposeful  release,  unless  the  specimens  were  thrown  from  a  passing  au¬ 
tomobile.  The  species  may  be  re-invading  the  park  (if  it  was  present  in  the  past) 
due  to  the  re-establishment  of  a  suitable  grassy  environment  following  the  removal 
of  all  livestock  after  establishment  of  the  Park  in  1 944.  Perhaps  other  species  typical 
of  grasslands  ( Crotalus  viridis,  Hetrodon  nasicus ),  found  north  of  the  Park,  may 
become  invaders  of  certain  grassland  habitat  in  the  northern  areas  of  the  Park. — 
Ted  L.  Brown  and  Ronald  V .  Lucchino,  Museum  of  Southwestern  Biology,  Depart¬ 
ment  of  Biology,  University  of  New  Mexico,  Albuquerque,  87106.  Present  address 
Department  of  Geography,  University  of  Oregon,  Eugene.  Accepted  for  publication: 
Jan.  27,  1972. 

ON  THE  CRYSTAL  OPTICS  OF  ^-PALMITIC  ACID  AND  /3-STEARIC  ACID. 
Statements  about  the  actual  size  of  the  optic  angles  of  a-palmitic  acid  (C15H31- 
COOH)  and  /3-stearic  acid  (C17H35COOH),  both  monoclinic,  were  hitherto  re¬ 
stricted  to  “large”  respectively  “moderate”  (Thibaud,  J.  et  Dupre  la  Tour,  F.,  1930, 
Compt.  rend.  Acad.  Sci.  Paris,  191,  200;  Winchell,  A.N.,  1954,  The  Optical  Prop¬ 
erties  of  Organic  Compounds:  Acad.  Press,  New  York,  2nd  edit.). 

The  apparent  angles  of  the  optic  axes  2S.,1-516  were  measured,  and  their  disper¬ 
sion  values  and  one  true  angle  2VZ  for  yellow  light  calculated.  Measurements  were 
carried  out  on  larger  grains  in  special  grain  mounts  employing  universal  stage  tech¬ 
niques.  The  instrumental  set-up  consisted  of:  xenon  lamp  light  source,  light  inten¬ 
sive  prism  monochromator,  microscope  Dialux-Pol  with  UT  4,  segment  pair  ns  •= 
1 .516,  ocular  P  8x,  and  objective  UMK  32  (LEITZ) . 

The  apparent  angles  (Mosebach,  R.,  1948,  Fortschr.  Miner.,  27,  35;  Mosebach, 
R.,  1964,  Z.  wiss.  Mikr.,  66,  85)  of  the  optic  axes  2SJ,1-516  were  measured  in  mono¬ 
chromatic  light  of  the  wavelengths  XF  =  486.1  nm,  XD  =  589.3  run,  and  \  =  656.3 
nm.  From  the  values  obtained  the  mean  dispersion  2SF  —  2SC  and  a  reciprocal,  rela¬ 
tive  dispersion  of  the  axial  angle  SD/SF — Sc  (Gobel,  V.,  1966,  unpubl.  thesis, 
Giessen)  could  be  derived.  The  angle  2VZ  was  calculated  for  one  crystal  phase  accord¬ 
ing  to  the  relationship  of  sin  V  —  sin  S  *  ns/ny  using  the  values  for  ny  (Thibaud  et 
Dupre  la  Tour,  Sz  (D-line),  andns  —  1.51719  (D-line). 

Results:  The  previously  reported  larger  difference  between  the  angles  of  the  optic 
axes  of  the  two  fatty  acids  does  not  exist.  The  angle  for  the  /3-stearic  acid  is  only 
slightly  smaller  than  the  one  for  the  a-palmitic  acid.  The  dispersion  behavior  is 
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very  similar.  The  mean  dispersions  are  positive  (v  >  r)  and  nearly  equal.  The 
same  is  true  for  the  reciprocal,  relative  dispersions.  The  dispersion  values  may  serve 
as  useful  comparison  means  with  other  compounds. 

Table  1: 


Optical  Data  for  a-Palmitic  Acid  and  /5-Stearic  Acid 


Line 

a-Palmitic 

Acid 

/5-Stearic 

Acid 

Measured  apparent 

F 

42.3 

38.5 

axial  angle 

D 

42.3 

37.6 

2  S,^-516  (in  degress) 

C 

41.0 

37.3 

Dispersion 

F-C 

1.3 

1.2 

Calculated  true 

D/  F-C 

33.8 

33.9 

axial  angle  2VZ  ( 0 ) 

(Mean  error  m  is  ±  0.2°) 

D 

44.9 

The  work  was  carried  out  at  the  Mineral. -Petrol.  Institut,  J.  Liebig-University, 
Giessen,  Germany  (Prof.  Dr.  R.  Mosebach,  director). — Volker  Gobel,  Department 
of  Geology,  Stephen  F.  Austin  State  University,  Nacogdoches,  75961.  Accepted  for 
publication:  Feb.  2,  1972. 
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On  Interdisciplinary  Courses  or 
Chaos  in  the  Classroom 

by  G.  R.  VELA,  L.  R.  STEVENS,  and  E.  J.  COOMES 

North  Texas  State  University ,  Denton 

Having  recently  conducted  an  interdisciplinary  course  which  ad¬ 
dressed  itself  to  the  question  of  the  effects  of  science  on  civilization,  the 
authors — one  scientist  and  2  non-scientists — found  themselves  focus¬ 
ing  on  the  role  that  science  plays  in  the  development  of  civilization. 
We  also  found  ourselves  widely  separated  by  our  individual  biases  and 
by  individual  interpretations  of  facts  or  ideas  so  that  at  times  perspec¬ 
tive  and  focus  were  chimerical,  and  it  often  appeared  that  the  students 
became  lost  or  at  least  confused.  As  a  consequence,  remarks  appearing 
here  should  be  understood  as  symptomatic  of  a  tenuous  and  uneasy 
consensus  arrived  at  for  the  purpose  of  bringing  some  minimal  co¬ 
herence  to  the  questions  at  hand,  and  not  indicative  of  a  spurious  una¬ 
nimity.  The  20  junior  and  senior  students  who  made  up  the  class 
(University  Course  400,  1970-71  NTSU  Catalog)  became  aware  of 
this  uneasy  truce  and  adjusted  admirably  to  the  spirit  of  argument, 
question,  and  rebuttal  so  unfamiliar  to  the  contemporary  university. 
It  is  this  latter  revelation  which  convinced  us  that  publication  of  our 
experience  in  intellectual  jousting  could  be  of  interest  to  others. 

One  of  the  difficulties  in  a  confrontation  between  scientists  and  non¬ 
scientists  is  caused  by  that  pecular  tendency  of  knowledge,  vocabulary, 
and  point  of  view  to  diverge  in  ever  widening  arcs  as  a  function  of 
time.  The  meaning  of  this  divergence  is  not  yet  clear.  Among  con¬ 
temporary  thinkers  there  remains  a  profound  disagreement  between 
those  on  the  one  hand  who  retain  the  hope  of  extrapolating  some 
“drift”  toward  a  future  convergence  of  data  with  a  possibility  of  syn¬ 
thesis  as  a  cosmology,  and  those,  on  the  other  hand,  who  accept  the 
consequences  of  the  divergence  and  no  longer  hope  to  develop  a  cos¬ 
mology  which  is  comprehensive  enough  to  assimilate  all  data.  Others 
indeed  question  the  relevance  of  the  classical  concepts  of  cosmology, 
but  wish  rather  to  redefine  the  concept. 

As  a  consequence  of  this  consideration  one  of  the  major  conflicts 
which  emerged  early  in  our  debate  was  concerned  with  the  role  of 
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systems  or  cosmologies  in  the  development  of  civilization.  This  is  per¬ 
haps  the  natural  result  from  mutual  confrontation  of  a  historian  (who 
intends  to  put  the  total  experience  of  man  in  proper  chronology  when 
the  last  document  is  catalogued),  a  literary  critic  (who  expects  to  as¬ 
sess  this  history  with  respect  to  style,  morality,  and  relation  to  reality) , 
and  a  microbiologist  (who  rarely  addresses  himself  to  these  questions, 
but  feels  that  knowledge,  like  oxygen,  should  be  secured  at  all  cost 
whether  or  not  it  fits  the  contemporary  system  or  cosmology) . 

The  historian  among  us  built  up  a  historical  induction  aimed  at 
showing  that  contemporary  scientists  are  often  as  insensitive  to  the 
difficulties  of  epistemological  problems  as  were  those  ancients  who 
sided  with  dogma  and  were  against  free  inquiry.  He  noted  that 
scientists  often  shrug  off  the  notion  that  while  an  abstraction  is  distinct 
from  the  data  from  which  it  is  drawn,  the  possibility  exists  that  only 
the  idea  is  real  and  that  the  residue  (data  which  do  not  fit  the  general 
pattern)  of  the  observed  data  is  simply  trivial  and  inconsequential.  If 
that  is  the  case,  and  if  this  represents  accurately  the  position  of  modern 
science,  then  Plato  is  vindicated.  The  form  of  the  thing  or,  in  our  case, 
the  body  of  data  taken  as  a  whole,  is  the  determinant  of  its  reality,  and 
that  reality  is  certain — whether  or  not  the  observer  in  the  act  of  ob¬ 
serving  (or  culling  data,  as  it  were)  has  modified  the  reality.  If  these 
things  are  true,  then  the  scientist  is  every  bit  the  idealist  that  Plato 
is  said  to  have  been,  and  the  scientific  method  is  no  more  valid  in  terms 
of  true,  universal  values  than  other  rational  approaches  to  knowledge. 
On  this  premise,  the  historian  further  contends  that  pragmatic  tests 
as  validators  of  scientific  veracity  limit  science  unnecessarily  and  are 
really  no  criteria  of  validity  in  terms  of  reality,  although  they  are 
usually  accepted  as  such. 

It  is  at  the  very  least  a  logical  possibility  that,  at  any  given  moment, 
a  set  of  data  or  physical  relationships  may  be  true  and  yet  utterly  in¬ 
capable  of  “doing”  anything  other  than  giving  pleasure.  Since  pleasure 
itself  can  be  described  only  in  so  far  as  it  can  be  perceived  aesthetically 
and/or  intellectually,  it  follows  that  the  discovered  “truth”  in  this 
case  is  nothing  more  than  an  opinion;  and  perhaps  by  extension  all 
truth,  a  priori ,  is  also  an  opinion!  Non-Euclidian  geometries,  for  in¬ 
stance,  have  an  aesthetic  and  intellecual  value  quite  apart  from  their 
application  to  20th  century  physics.  To  be  sure,  for  at  least  half  a  cen¬ 
tury,  non-Euclidian  geometry  was  cultivated  solely  for  its  intellectual 
and  aesthetic  value.  It  may  or  may  not  be  good  that  non-Euclidian 
geometry  was  put  to  use  in  20th  century  mechanics  but,  to  the  scien¬ 
tist,  the  point  here  is  that  its  integrity  and  value  are  independent  of 
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such  use  in  as  much  as  it  is  a  place  of  contact  with  reality — a  view  of 

truth. 

Many  students  in  our  course  manifested  a  tendency  to  accept  scien¬ 
tific  statements  as  if  they  were  authoritative  in  some  ultimate  sense, 
but  by  mid-term  we  all  shared  the  conviction  that  an  uncritical  ac¬ 
ceptance  of  “science”  cannot,  by  any  reasonable  means,  be  distin¬ 
guished  from  cosmologies  and  religions  produced  by  the  vested  in¬ 
terests  of  aggressive  men.  The  historian  by  his  inductive  exposition 
showed  that  scientists  bear  a  resemblance  to  men  who  through  the 
ages  have  produced  powerful  and  long-lasting  priesthoods  as  the  crea¬ 
tors,  sustainers,  and  teachers  of  esoterica  presumably  too  difficult  for 
most  people  to  master.  Sometimes  these  priesthoods  have  contributed 
to  man’s  knowledge  of  material  reality  but  such  guardians  of  esoterica 
have  also  had  a  tendency  to  become  authoritarian,  and  hence  unrecep- 
tive  to  the  ideas  of  those  who  have  not  been  anointed  in  their  particular 
rite.  Consequently,  from  time  to  time  these  priesthoods  have  inhibited 
development  and,  on  the  contemporary  scene,  it  is  fair  to  ask  whether 
the  modern  scientists  is  not  in  danger  of  becoming  such  a  priest.  In 
spite  of  incisive  and  detailed  argument,  many  students  in  our  course 
seemed  unwilling  to  entertain  the  possibility  that  modern  scientists 
run  the  risk  of  becoming  an  authoritarian  priesthood.  It  was  as  if 
these  students  believed,  “This  happened  in  ancient  Egypt,  but  it  can’t 
happen  here.”  It  may  indeed  not  happen  here,  but  that  it  is  possible , 
the  historian  warns,  is  amply  clear. 

The  literateur  teaching  the  course  consistently  challenged  the  as¬ 
sumptions  of  rationalism  as  an  ideology.  Both  he  and  the  scientist  con¬ 
sistently  challenged  the  assumptions  of  suprarationalism.  The  former 
asked  these  questions:  Is  there  really  such  a  thing  as  the  human  spirit? 
If  so,  what  are  the  data  and  modes  of  proof  used  to  demonstrate  its 
existence?  Is  the  proof  of  its  existence  essential?  What  are  the  conse¬ 
quences  of  the  fact  that  1 9th  century  scientists  destroyed  all  ideologi¬ 
cal  assumptions  save  scientific  ones,  and  in  the  20th  century  destroyed 
even  those?  What  is  to  be  made  of  the  drift  in  the  evidence  which  be¬ 
gins  to  suggest  that  the  functions  of  subjective  consciousness  are,  after 
all,  physical  in  nature?  Are  men  in  some  profound,  essential  sense  self¬ 
destructive?  Are  20th  century  men  transitional  beings  between  a 
mythopoeic  age — now  moribund — and  an  age  of  nihilistic  individ¬ 
ualism  during  which  they  will  exterminate  themselves  from  the  planet 
Earth?  Is  what  men  called  for  centuries  “original  sin”  actually  an 
essential,  self-destructive  urge?  How  did  scientists  contribute  to  the 
invalidation  of  the  mythopoeic?  What  are  the  logical  consequences  of 
overkill,  of  biological  and  chemical  warfare,  of  enthusiastic  and  largely 


360 


THE  TEXAS  JOURNAL  OF  SCIENCE 


undisciplined  use  of  the  planet’s  natural  resources  in  order  to  forge 
out  trivial  luxuries?  Does  the  logic  of  these  events  imply  a  mindless 
tendency  toward  self-destruction?  Although  the  historian  among  us 
tended  to  accept  a  generally  pessimistic  reading  of  events  (with  reser¬ 
vations),  he  noted  with  pleasure  that  the  students  inclined  to  concur 
in  the  more  optimistic  view  expressed  by  the  scientist  and  pointed  out 
that  such  optimism  maximized  the  probability  that  the  younger  gen¬ 
eration  will  do  some  creative  thinking  and  expend  some  effort  in  solv¬ 
ing  the  problems  of  contemporary  civilization. 

The  scientist’s  optimism  was  based  on  the  hope  that  creative  ac¬ 
tivity  on  the  part  of  the  scientific-technological  community  will  be 
able  to  solve  the  problems  which  are  themselves  among  the  conse¬ 
quences  of  science  and  technology.  Though  it  seems  logically  possible 
to  solve  these  problems,  the  question  is  not  one  of  possibility  but  rather 
of  probability.  The  2  humanists  questioned  how  probable  it  is  that 
those  groups  who  did  not  have  sufficient  imagination  to  see  the  diffi¬ 
culties  they  were  creating,  will  somehow  acquire  the  vision  to  solve 
these  problems  without  giving  rise  to  even  more  difficult  ones.  They 
may  of  course  succeed,  but  many  of  their  non-scientific  colleagues  re¬ 
main  skeptical.  There  is  reason  to  believe  that  man  may  well  have 
worked  himself  into  a  situation  in  which  only  the  most  rigorous  self- 
discipline — plus  the  conscious,  rational  decision  to  refrain  from  the 
abuse  of  the  planet  and  the  use  of  instruments  of  mass  destruction — 
will  save  the  Earth  as  an  acceptable  habitat  for  future  generations. 

The  literateur  and  historian  see  no  substantial  evidence  that  men 
are  willing  to  live  in  such  a  disciplined  manner.  They  do  agree  on  the 
fact,  however,  that  some  scientists  and  technologists  seem  to  be  trying 
to  solve  these  problems,  but,  up  to  now,  the  results  seem  minuscule 
at  best.  On  substantive  commitment  of  our  resources,  politicians  play 
a  delaying  game  and  are  perhaps  waiting  until  public  desires  and  pres¬ 
sures  make  themselves  clear.  Business  men  turn  to  Madison  Avenue, 
using  propaganda  to  convince  the  populace  that  they  “care.”  Sociolo¬ 
gists  say  all  the  right  words  and  write  beautiful  reports  of  the  future. 
Meanwhile,  little,  if  anything,  is  actually  being  accomplished.  Those 
scientists  and  technologists  who  are  trying  to  solve  problems  are  a 
tiny  minority,  politically  and  economically  powerless;  power  elites 
can  safely  ignore  them.  And  they  do. 

From  this  somewhat  grim  view  of  the  effects  of  science  on  civiliza¬ 
tion,  the  scientist  dissented  but  acknowledged  the  fact  that  to  the  hu¬ 
manists,  it  must  seem  axiomatic  that  each  new  scientific  proclamation 
has  been  accompanied  by  an  avalanche  of  new  problems  for  mankind. 
As  the  crossbow  and  bolt  brought  new  dimensions  to  human  suffering. 
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so  did  penicillin  in  the  disguise  of  decreased  death  rates  which  ulti¬ 
mately  resulted  in  large  masses  of  people.  It  seems  obvious  from  this 
point ,  of  view  that  gunpowder,  dynamite,  and  atom  bombs  are  all 
better  and  more  efficient  materials  for  warfare.  Similarly,  it  is  clear 
that  the  yarn  mill  and  mass  production  lines  are  agencies  for  the 
dehumanization  of  man  just  as  surely  as  TV  is  a  means  of  intellectual 
emasculation.  In  addition  to  these  liabilities  the  humanisms,  historian 
and  literateur  alike,  insistently  pointed  out  that  it  is  certainly  no  bene¬ 
fit  to  have  plastics,  air-conditioning,  and  penicillin  in  a  world  in  which 
the  young  are  in  open  rebellion,  the  air  is  noxious  and  toxic,  and  the 
politicians  and  statesmen,  if  not  dishonest,  are  certainly  small-minded 
and  greedy  men.  The  young  rebel  against  the  most  cherished  insti¬ 
tutions  of  modern  man — the  family,  the  government,  the  system! 
What  better  measure  of  the  failure  of  scientific-technical  man  than 
that  his  heirs  refuse  to  accept  the  legacy  of  his  accumulated  treasures. 

Dark  as  this  picture  is,  it  has  another  side.  From  the  scientist’s  point 
of  view  the  picture  is  quite  different.  In  its  simplest  form  this  view  de¬ 
rives  from  the  belief  that  the  inventor  of  the  crossbow  probably  never 
killed  anyone,  that  the  discoverer  of  penicillin  intended  it  for  saving 
life,  and  that  the  inventor  of  gunpowder  had  fireworks  displays  for 
children  as  his  goal.  The  scientist  discovers  and  develops,  but  it  is  the 
politician,  the  statesman,  and  the  merchant  prince  who  hire  the  tech¬ 
nologist  to  convert  a  simple  and  beautiful  machine  like  the  catapult 
into  a  crossbow  and  bolt. 

In  a  more  realistic  view  it  must  appear  to  the  serious  thinker  that 
scientific  progress,  like  the  falling  of  rain,  cannot  be  selective.  Scien¬ 
tific  discovery  is  simply  the  finding  and  understanding  of  the  laws  of 
nature,  and  the  atom  bomb  is  the  result  of  studies  of  the  fundamental 
structure  of  matter.  To  think  that  man  can  understand  the  nature  of 
matter  without  discovering  the  atom  bomb  is  naive.  There  is  no  choice; 
if  we  want  to  understand  the  nature  of  matter,  the  atom  bomb  will 
become  a  logical  possibility.  The  alternative  is  to  forego  the  study  of 
matter.  This  seems,  to  the  scientist,  an  impossible  philosophy;  its  logi¬ 
cal  result  is  that  we  study  nothing  lest  it  bring  us  the  atom  bomb  or 
something  worse!  If  our  predecessors  had  taken  this  road,  the  scientist 
argues,  we  would  still  be  in  caves  in  Africa  or  Europe — chipping  flint. 
No!  Not  flint!  Rather  we  would  be  digging  worms  out  of  the  ground 
with  our  fingers.  Fortunately  man  is  not  frightened  by  the  unknown, 
and  a  part  of  his  nature  compels  him  to  understand  and  explain  all 
mysteries  and  to  walk  on  the  surface  of  the  moon  and  the  planet 
Mars.  Also  there  have  always  been  individual  men  in  all  communities 
who  rise  to  question  the  system  around  them.  Each  system  or  cosmol- 
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ogy  which  has  ever  existed  has  had  its  infidels,  and  it  has  eventually 
collapsed  when  the  questions  of  the  infidels  became  embarrassing  to 
the  supporters  of  the  old  system. 

One  of  the  major  sub-themes  of  our  course  was  the  effect  of  science 
on  man’s  present  system,  the  cosmology  of  our  times.  To  the  scientist 
it  was  evident  that  for  the  first  time  in  his  existence  man  has  a  grasp 
of  reality.  That  is,  he  has  factual,  useful,  accurate  knowledge  of  the 
physical  universe  in  which  he  lives  and  also,  probably  more  import¬ 
ant,  the  knowledge  that  he  is  part  and  parcel  of  this  physical  universe. 
This  knowledge  forms  the  basis  of  his  present  (evolving)  cosmology, 
and  it  is  very  different  from  all  the  previous  ones.  The  litterateur  and 
historian,  on  the  other  hand,  believed  that  new  information  acquired 
in  recent  times  is  so  diverse  and  partial  that  no  new,  comprehensive 
view  of  the  universe  may  yet  appear.  Too  much  is  unknown,  the  va¬ 
riables  are  too  great  to  permit  more  than  the  sketchiest  kind  of  gen¬ 
eralizations,  and  only  pragmatic  behavior  is  likely  in  this  kind  of  cos¬ 
mological  void.  The  more  optimistic  scientist  argued  that  the  parame¬ 
ters  are  well  described  and  that  fact  and  reason  are  recognizable  al¬ 
ready.  He  pointed  out  that  Zeus,  Ra,  Jesus,  and  Mohamed  have  served 
their  purpose  and  that  the  systems  of  which  they  were  a  part  are  gone 
with  them.  The  effect  of  science  on  developing  civilization  has  been  to 
show,  he  further  contended,  that  the  cosmologies  based  on  these  gods, 
while  complete,  satisfying  and  beautiful,  were  not  part  and  parcel  of 
reality.  Science  has  shown  that  lightning  is  caused  by  electric  poten¬ 
tials  between  clouds  and  not  by  Zeus,  that  the  sun  is  an  ordinary  star 
and  not  the  chariot  of  Ra,  and  that  Jesus  and  Mohamed  have  not  stood 
the  test  of  critical  scrutiny. 

If  our  gods  of  old  are  all  dead  and  their  cathedrals  and  altars  empty, 
this  is  the  measure  of  their  failure  to  stand  the  test  of  time — and  the 
test  of  relation  to  reality.  On  the  other  hand,  the  nature  of  hunger 
hasn’t  changed,  nor  that  of  love,  compassion,  or  death — these  are  all 
real  things  like  light  and  water  and  rocks.  The  nature  of  God,  like  the 
face  of  God,  does  change  with  each  generation;  it  is  obvious  therefore, 
the  scientist  argued,  that  our  old  classical  Gods  were  not  real,  and 
systems  or  cosmologies  based  on  them  were,  also,  obviously  not  real. 

The  scientist,  unlike  the  historian  and  the  litterateur,  believes  that 
the  cosmology  which  seems  to  be  developing  now  rests  on  a  more 
nearly  factual  basis  and  has  a  lasting  quality  to  it,  for  it  is  based  on 
the  discovery  and  understanding  of  the  nature  of  the  physical  world. 
It  recognizes  the  fact  that  man  is  an  integral  part  of  the  universe. 

The  effect  that  science  has  had  on  the  society  of  men  can  perhaps 
be  summarized  in  the  form  of  one  of  the  laws  of  thermodynamics:  you 
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can’t  get  something  for  nothing;  i.e you  can’t  feed  a  multitude  with 
5  loaves — you  must  have  arable  ground,  adequate  soil,  fertilizer,  seeds, 
and  knowledge  of  agricultural  principles  in  order  to  feed  a  multitude. 
If  we  depend  upon  the  5  loaves,  the  scientist  believes,  we  shall  surely 
perish;  if  we  depend  on  agricultural  science,  we  shall  certainly  see 
paradise. 

For  scientist  and  non-scientist  alike,  important  work  remains  to  be 
done.  Will  the  data  yield  new  meanings?  Will  they  drive  us  back  upon 
the  old  ways  with  a  new  vitality?  Can  meaning,  purpose,  and  value  be 
extrapolated  from  data  gathered  by  empirical  means?  Perhaps  the 
entire  agenda  for  our  species  requires  what  by  definition  it  cannot 
have — a  canon  of  facts.  Ironically,  the  canonization  of  facts  destroys 
the  scientific  spirit  which  leads  to  their  discovery,  and  therefore 
science  must  proceed  without  canons,  to  make  obsolete  tomorrow  the 
data  gathered  today.  The  genius  of  modern  science  probably  lies  in 
its  ability  to  go  on  transcending  itself,  its  tragedy  may  lie  in  the  nat¬ 
ural  inertia  of  men  who  have  grown  weary  of  renegotiating  the  an¬ 
cient  human  conundrum. 

On  the  final  class  day  the  last  bell  found  us  in  a  peculiar  position. 
Debate  and  counter-debate  had  been  heard  and  considered,  and  yet 
closing  arguments  sounded  suspiciously  like  the  opening  ones  of  4 
months  earlier.  At  first  glance  this  would  seem  to  be  a  disappointing 
result,  but  it  was  not,  for  our  purpose  had  not  been  to  reshape  or  to 
mold  minds.  We  had  set  out  to  examine  the  effects  of  science  on  civi¬ 
lization.  In  doing  so,  perhaps  we  discovered  the  university — a  place  in 
which  men  do  not  grow  weary  of  reexamining  and  renegotiating  the 
oldest  problems  of  man.  We  hope  that  the  students  who  understood 
this  were  all  served  3  semester  hours  of  credit. 

Accepted  for  publication:  Nov.  3,  1971. 


Abstracts:  75th  Annual  Meeting  of  the  Texas  Academy  of 
Science,  Southwest  Texas  State  University, 

San  Marcos,  Texas,  March  9-11,  1972 

SECTION  I— MATHEMATICAL  SCIENCES 
Friday  Morning,  March  10 

ON  THE  METHOD  OF  FADDEEV— R.  G.  Ward  and  P.  E.  Pulley,  Texas  A&M 
University ,  College  Station. 

This  paper  presents  an  unusual  algorithm  for  inverting  matrices  known  as  the 
Method  of  Faddeev.  Also,  very  efficient  FORTRAN  programs  are  included  for 
Faddeev’s  method  and  the  well  'known  Gauss- Jordan  technique  of  Inversion  in 
Place.  Comparisons  of  the  2  procedures  are  made  based  on  the  number  of  adds, 
subtracts,  multiplies,  divides,  and  array  storage  words  needed  by  each  technique. 
Finally,  the  differences  between  accessing  single  and  double  dimensioned  arrays  in 
FORTRAN  is  discussed  relative  to  the  2  procedures. 

AN  ESTIMATE  FOR  THE  NUMBER  OF  POSITIVE  INTEGERS  <  x  WITH 
GREATEST  PRIME  FACTORS  <  y  AND  RELATIVELY  PRIME  TO  A 
FIXED  INTEGER  k. — D.  G.  Hazelwood,  Southwest  Texas  State  University , 
San  Marcos. 

ON  SELECTING  STATISTICAL  DATA  ANALYSIS  TECHNIQUES  FOR 
SPACE  STATION  APPLICATIONS— P.  L.  Odell,  Texas  Tech  University, 
Lubbock. 

REFLEXIVITY  IN  GROUPOIDS:  ADDITIVE  AND  MULTIPLICATIVE 
DUALITY — D.  R.  Cecil,  Texas  A&I  University,  Kingsville. 

If  (S,+)  is  a  medial  system  and  if  F+  is  the  set  of  all  binary  operations  on  S 
that  distribute  over  +  then  (F+,qi)  is  called  the  first  dual  of  (S,+),  where  q=  is 
defined  by  x(fyg(y  =  xfy  +  xgy  for  all  x,y  in  S  and  f,g  in  F+.  If  (F++,=fi)  is 
the  first  dual  of  (F+,=f:)  then  (S,+)  is  embedded  in  (F++,=p)  by  the  functions 
HL  and  HR  with  x£HL(s)gy  —  (xfs)gy  and  with  xfHR(s)gy  =  xf(sgy)  for  s  in  S. 

All  the  images  of  HL  and  HR  are  associated  over  F+  and  (S,— f- )  is  additively 
reflexive  if  [HL(S)UHR(S)]  equals  F+  +  .  All  associative  binary  operations  on  F+ 
are  thus  easily  found  for  additively  reflective  (S,+).  To  find  all  associative  binary 
operations  on  S  involves  finding  a  system  (T,  •)  such  that  additive  (S,— {— )  is  the 
first  dual  of  multiplicative  (T,  •). 

A  COMPARISON  OF  MEANS — A.  R.  Amir-Moez,  Texas  Tech  University,  Lub¬ 
bock,  and  C.  R.  Perry,  Jr.,  Texas  Lutheran  College,  Seguin. 

INVERSION  OF  VARIANCE-COVARIANCE  MATRIX— D.  W.  Smith,  Texas 
A&M  University,  College  Station. 
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PRODUCTS  OF  DETERMINANTS  OF  SOME  SUBMATRICES  OF  A  POSITIVE 
MATRIX — A.  R.  Amir-Moez  and  R.  E.  Long,  Texas  Tech  University ,  Lubbock. 

TECHNIQUES  FOR  IMPROVEMENT  OF  MAN-MACHINE  INTERACTION 
IN  SMALL  SCALE  COMPUTER  SYSTEMS— J.  R.  Newman,  University  of 
Southwestern  Louisiana,  Lafayette. 

The  need  for  improved  methods  of  interaction  between  man  and  machine  is  pre¬ 
sented.  The  existing  forms  of  interaction  in  small  scale  computing  systems  are  an¬ 
alyzed  and  problem  areas  isolated.  The  problems  of  time  delay  and  restricted  form 
are  discussed.  Special  consideration  is  given  to  the  difficulties  associated  with  punch 
card  systems  and  typewriter  keyboard  and  human  factors  involved  in  the  man- 
machine  interaction  dilemma  are  also  introduced  with  mechanical  translation  the 
key  issue.  Improvements  are  suggested  in  the  form  of  expanded  interaction  media 
which  is  accomplished  by  incorporating  additional  sensory  devices.  The  possibilities 
of  visual  perception,  audio  reactions,  and  tacticle  responses  are  explored.  Currently 
available  devices  are  examined  with  emphasis  on  designing  a  total  interaction  sys¬ 
tem,  capitalizing  on  the  special  characteristics  of  both  man  and  machine.  Several 
specific  ideas  are  presented  concerning  the  rapid  display  of  alternatives,  simple 
motions  for  response  choice,  and  methods  of  eliminating  redundancies.  Areas  of  fur¬ 
ther  research  are  mentioned  and  possible  techniques  explored. 

AN  OPTIMUM  SOLUTION  METHOD  FOR  SOLVING  SYSTEMS  ON  NON¬ 
LINEAR  EQUATIONS — E.  Driesse  and  G.  N.  Pitts,  University  of  Southwest¬ 
ern  Louisiana,  Lafayette. 

Many  scientific  problems  can  be  described  by  systems  of  non-linear  equations. 
The  primary  method  for  solution  of  these  equations  has  been  the  Newton-Raptson 
method.  Instability  of  this  method  for  certain  non-linear  cases  has  been  a  plaguing 
problem.  The  method  proposed  in  this  paper  is  a  combination  of  Newton-Raptson 
and  Jacobian  transformation  for  solution. 

This  combinational  solution  method  has  proved  to  be  on  the  average  40%  faster 
than  the  commonly  used  Newton-Raptson  method  and  provides  creditable  answers 
when  the  commonly  used  method  diverges.  Charts  of  comparisons  between  the  pro¬ 
posed  method  and  the  Newton-Raptson  method  are  provided  along  with  a  detailed 
mathematical  development  of  the  method. 

TRANSLATION  OF  PDP-8  CODES  ON  AN  RCA  SPECTRA  70/46— C.  Steinhorst 
and  B.  L.  Bateman,  University  of  Southern  Louisiana,  Lafayette. 

One  of  the  problems  in  the  computer  industry  is  the  incompatability  of  machine 
characteristics.  This  is  true  even  among  the  different  models  of  computers  built  by 
any  one  of  the  manufacturers.  For  this  reason,  considerable  work  has  been  attempted 
in  the  writing  of  operating  systems  which  are  capable  of  being  used  on  different 
machines. 

This  work  utilizes  the  operating  system  of  the  RCA  Spectra  70/46  to  translate 
the  machine  language  coding  of  a  PDP-8  and  thereby  eliminates  the  need  of  hav¬ 
ing  a  PDP-8  and  its  operating  system  in  order  to  study  and  program  this  system. 

Friday  Afternoon,  March  10 

SOME  PRODUCT  INTEGRAL  INEQUALITIES— L.  L.  Clarkson,  Texas  Southern 

University,  Houston. 
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PAIRING  FUNCTIONS  AND  DIGITAL  AREA  CORRELATION— E.  B.  Hibbs, 
JR.,  Southwest  Texas  State  University ,  San  Marcos. 

SOME  THEOREMS  CONCERNING  COMPACTIFICATION — D.  E.  Edmondson, 
The  University  of  Texas  at  Austin. 

HEART  RATE  RESPONSE  TO  STIMULI  IN  COMATOSE  HEAD  INJURED 
PATIENTS — C.  P.  McGraw,  University  of  Texas  Medical  Branch,  Galveston . 

THE  ABILITY  OF  A  STRONGLY  IMPLICIT  PROCEDURE  FOR  SOLVING 
LARGE  NUMBERS  OF  FOURIER  EQUATIONS  WITH  VARIABLE  CO¬ 
EFFICIENTS — R.  K.  Routt  and  P.  B.  Crawford,  Texas  A&M  University,  Col¬ 
lege  Station. 

The  strongly  implicit  procedure  (SIP)  proposed  by  Stone  for  the  solution  of  the 
generalized  Fourier  equation  was  applied  to  the  study  of  2-  dimensional,  heterogene¬ 
ous,  petroleum  reservoir  systems.  For  various  fixed  source  terms,  the  ratio  of  the 
largest  to  smallest  coefficient  in  the  steady  state  equation  was  allowed  to  vary  from 
1  to  500.  The  iteration  process  was  allowed  to  continue  until  arbitrary  convergence 
criteria  were  satisfied  or  a  specified  maximum  number  of  iterations  was  reached. 
In  every  case  the  method  converged  or  was  judged  to  be  converging  when  termi¬ 
nated,  even  when  the  source  terms  were  placed  in  positions  known  to  be  troublesome 
for  other  types  of  solution  methods.  In  general,  it  was  found  that  the  number  of 
iterations  required  for  convergence  increased  as  the  ratio  of  the  largest  to  smallest 
coefficient  in  the  Fourier  equation  increased. 

AUTOMATIC  GENERATION  OF  HUFFMAN  COMPACT  CODE— E.  Pearce 

and  B.  L.  Bateman,  University  of  Southern  Louisiana,  Lafayette. 

The  study  of  information  theory  and  coding  has  been  of  interest  to  mathemati¬ 
cians,  statisticians,  and  computer  scientists  for  many  years.  The  generation  of  com¬ 
pact  codes  becomes  especially  critical  in  the  use  of  microwave  and  line  transmis¬ 
sion  of  information. 

An  unique  approach  to  this  problem  was  first  introduced  by  Huffman  in  1952. 
This  concept  has  been  adapted  for  use  by  high  speed  electronic  digital  computers. 
This  technique  has  the  capability  of  encoding  a  variable  number  of  source  codes 
into  the  desired  compact  binary,  trinary,  etc.,  code  words. 

A  NEW  METHOD  FOR  SOLVING  LARGE  SETS  OF  EQUATIONS— K.  R.  Routt 
and  P.  B.  Crawford,  Texas  A&M  University,  College  Station . 

In  petroleum  engineering  one  finds  that  computer  modeling  of  petroleum  res¬ 
ervoirs  leads  to  the  problem  of  solving  a  large  number  of  simultaneous  Fourier 
equations.  A  new  method  of  solving  these  equations  for  the  steady  state  case  is  pre¬ 
sented.  The  method  is  based  upon  an  “effective  grid”  which  ignores  outside  effects 
and  obtains  solutions  only  inside  the  grid.  The  grid  is  moved  over  the  whole  reser¬ 
voir  until  arbitrary  convergence  criteria  are  satisfied.  Compared  to  a  currently 
popular  method,  this  technique  requires  about  half  the  computer  storage  space,  does 
not  require  a  choice  of  iteration  parameter,  has  less  residual  error,  uses  about  the 
same  number  of  iterations  irregardless  of  reservoir  heterogeneity,  and  requires 
comparable  computer  time. 
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AN  ON-LINE  INFORMATION  RETRIEVAL  SYSTEM  FOR  A  REAL-ESTATE 
ORGANIZATION — C.  Steinhorst  and  B.  L.  Bateman,  University  of  Southwest¬ 
ern  Louisiana ,  Lafayette. 

Anyone  who  has  attempted  to  rent  or  buy  a  house  knows  the  problems  associated 
with  finding  a  home  which  meets  the  users  needs  and  budget.  An  on-line  informa¬ 
tion  retrieval  system  is  one  way  to  simplify  this  problem. 

This  system  is  designed  to  correlate  the  user’s  budget  with  his  requirements  and 
give  a  list  of  homes  which  may  fit  his  needs.  If  a  suitable  home  is  not  found,  then 
either  the  budget  or  need  requirements  must  be  altered  to  give  a  new  list  of  pos¬ 
sible  homes. 

This  approach  has  been  found  to  be  superior  to  the  “hit  and  miss”  procedure 
normally  used  by  real  estate  salesmen. 

ON  A  TIME  DEPENDENT  MIGRATION  PROCESS  WITH  POISSON  IMMI¬ 
GRATION — J.  H.  Matis,  Texas  A&M  University ,  College  Station . 

THE  SOLUTION  OF  THE  GENERAL  ELLIPTIC  PARTIAL  DIFFERENTIAL 
EQUATION  BY  THE  MONTE-CARLO  METHOD.  L.  C.  DeVito,  Texas  A&M 
University,  College  Station. 


SECTION  II— PHYSICAL  SCIENCES  AND  SPACE  SCIENCES 
Friday  Morning,  March  10 
Division  A 

FRANCK-CONDON  FACTORS  CHLORINE  DIOXIDE— F.  J.  Holik  and  R.  W. 
Redding,  North  Texas  State  University,  Denton . 

X-RAY  K-ABSORPTION  FINE  STRUCTURE  OF  NICKEL* — J.  D.  Dillow  and 
D.  R.  Chopra,  East  Texas  State  University,  Commerce. 

The  investigation  computes  the  position  of  extended  fine  structures  in  the  x-ray 
K-absorption  spectrum  of  nickel.  The  short  range  order  theories  of  Kozlenkov 
(1962.  Bull.  Acad.  Sci.  USSR,  Rhys.  Ser.  25:  968)  and  Sayers,  et  al.  (1969.  Boeing 
Sci.  Res.  Lab.,  Document  DI-82-0880)  are  considered;  the  final  scattered  photoelec¬ 
tron  wave  is  calculated  by  summing  the  waves  scattered  by  the  neighboring  atoms. 
The  final  state  function  is  determined  where  it  overlaps  the  1-s  state  near  the  nu¬ 
cleus  of  the  ionized  atom.  The  calculations  are  subjected  to  comparison  with  exist¬ 
ing  experimental  data. 

The  accumulative  scattering  contribution  from  the  lattice  atoms  lying  on  suc¬ 
cessive  coordination  spheres  is  mainly  responsible  for  the  absorption  fluctuation  in 
the  kronig  region.  It  is  evident  that  the  computed  primary  peak  positions  of  nickel 
absorption  spectrum  are  determined  by  the  first  coordination  sphere.  Inclusion  of 
further  spheres  produces  the  appearance  of  additional  secondary  features  and  leads 
to  the  observed  asymmetry  of  principal  peaks.  Values  computed  using  both  theories 
differ  less  than  3%  with  the  experimental  values  by  consideration  of  only  the  first 

*  Research  supported  in  part  by  a  grant  from  Organized  Research,  East  Texas  State 
University. 
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7  shells.  In  the  case  of  the  latter  theory,  an  expression  for  a  linear  phase  shift 
(n  =  — 0.24k  -f-  9.05,  where  k  is  the  phcte electron  wavevector)  was  calculated  from 
the  experimental  data  which  was  capable  of  causing  the  theory  to  fit  this  data. 
Initial  test  of  the  theories  are  made  for  copper  and  iron. 

DE  HASS-VAN  ALPHEN  EFFECT  IN  SEMICONDUCTORS— T.  J.  Joseph  and 
D.  G.  Seiler,  North  Texas  State  University ,  Denton . 

X-RAY  K~ ABSORPTION  SPECTRUM  OF  DYSPROSIUM*— R.  L.  Vannoy  and 
D.  R.  Chopra,  East  Texas  State  University ,  Commerce. 

The  x-ray  L-absorption  spectrum  of  the  rare  earth  metal  dysprosium  in  crys¬ 
talline  form  was  recorded  using  a  single-crystal  spectrometer  with  a  lithium  fluoride 
(220)  analyzing  crystal  and  proportional  counter  detector.  In  the  wavelength  range 
of  interest  resolving  power  of  the  spectrometer  (1500-2000)  was  considered  satis¬ 
factory.  The  variation  in  absorption  coefficient  « (E)  along  the  high  energy  side  of 
the  L-absorption  edges  reported  here  is  a  composite  of  at  least  3  runs.  The  spectrum 
has  not  been  corrected  for  distortions  due  to  instrumental  window  and  inner  level 
width.  The  L-absorption  edges  exhibited  both  kossel  and  kronig  structures.  The 
Lu  and  L11:t  edges  exhibited  similar  kossel  structure  but  their  features  in  kronig 
region  are  markedly  different.  A  broad  absorption  peak  was  recorded  in  the1  kronig 
region  of  L11:l  edge.  Also,  about  595  ev  above  L1:l1,  an  extremely  pronounced  ab¬ 
sorption  minimum  was  observed.  The  structure  accompanying  the  L1  edge  was 
void  of  any  sharp  fluctuation  in  /t(E).  Most  of  the  absorption  maxima  could  be 
explained  as  a  result  of  transitions  of  ejected  photo-electrons  in  quasistationary 
states  in  the  absorber  as  described  in  Hayasi  (1949,  Sci.  Repts.  Tohoku  Univ .,  33: 
123). 

When  the  energy  values  for  the  principal  maxima  accompanying  L,  and  Ln 
edges  were  plotted  as  functions  of  the  zero  roots  of  the  half  Bessel  functions  pro¬ 
vided  by  Lytle  (1964,  Physics  of  Non-Crystalline  Solids ,  Amsterdam  North  Hol¬ 
land  Publ.  Co.,  p.  12)  a  straight  line  could  be  fitted  to  the  points.  The  slope  of  the 
lines  indicated  the  radius  (rs)  of  the  first  coordination  sphere  of  dysprosium  to  be 
2.89  and  3.02  A,  respectively.  The  energy  separation  between  the  2nd  maximum 
and  minimum  of  Lt  yielded,  when  subjected  to  Levy’s  (1965,  /.  Chem.  Phys.,  43: 
1846)  theoretical  formula,  a  value  for  rs  of  2.75  A. 

LARGE-AMPLITUDE  MOLECULAR  VIBRATIONS— R.  W.  Redding,  North 
Texas  State  University,  Denton. 

ELECTRON  DIFFRACTION  ANALYSIS  OF  PARTICULATE  RARE  EARTH 
III  FLUORIDES— C.  R.  Morris  and  U.  G.  Whitehou.se,  Texas  A&M  University, 
College  Station. 

EFFECTS  OF  UNIAXIAL  STRESS  ON  THE  BAND  STRUCTURE  OF  HgSe— 
K.  Hathcox  and  D.  G.  Seiler,  North  Texas  State  University,  Denton. 

*  Research  supported  in  part  by  a  grant  from  Organized  Research,  East  Texas  State 
University. 
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Division  B 

QUANTUM  SIZE  EFFECT  IN  THE  TRANSPORT  PROPERTIES  OF  THIN 
FILM — F.  O.  Meyer  III  and  R.  Muthukrishnan,  North  Texas  State  University , 
Denton. 

THE  EFFECT  OF  RADIATION  DAMAGE  ON  VISIBLE  LIGHT  EMITTING 
DIODES — F.  Rohler  and  R.  E.  Anderson,  Southwest  Texas  State  University , 
San  Marcos. 

EXPERIMENTAL  SET  UP  AND  DATA  HANDLING  TECHNIQUES  FOR 
INVESTIGATING  SHORT  HALF-LIFE  GAMMA  EMITTERS— G.  Pepper 

and  B.  P.  Foster,  North  Texas  State  University,  Denton. 

INVESTIGATION  AND  ANALYSIS  OF  GAMMA  SPECTRA  FROM  NEUTRON 
INDUCED  REACTIONS  IN  TITANIUM  ISOTOPES— F.  Abrath  and  B.  P. 

Foster,  North  Texas  State  University,  Denton. 

ATOMIC  CONFIGURATION  INTERACTIONS— H.  E.  Blackwell,  Texas  Southern 
University,  Houston. 


Division  C 

AN  ANALOGUE  COMPUTING  DEVICE  FOR  USE  IN  DEMONSTRATING 
EIGEN-FUNCTIONS  OF  THE  SCHRODINGER  EQUATIONS— B.  P.  Foster, 
North  Texas  State  University,  Denton. 

THE  USE  OF  CAL-COMP  PLOTS  OF  COMPUTER  PROGRAM  OUTPUTS  TO 
ILLUSTRATE  THE  PROPERTIES  OF  EIGEN-FUNCTIONS— B.  P.  Foster, 
North  Texas  State  University,  Denton. 

COMPUTER  PROGRAM  FOR  FRESHMAN  INSTRUCTION— J.  C.  Dennis, 

Stephen  F.  Austin  State  University,  Nacogdoches. 

THE  SPECTRUM  RESPONSE  OF  VISIBLE  LIGHT  EMITTING  DIODES  AS 
A  FUNCTION  OF  TEMPERATURE— D.  Burris  and  R.  E.  Anderson,  South¬ 
west  Texas  State  University,  San  Marcos. 

THE  UNIT  CUBE— ITS  POSITION  IN  SPACE— I.  L.  Wright,  IBM,  Dallas. 

PHYSICS  INSTRUCTION  IN  SPANISH  AND  IN  ENGLISH  TO  LATIN 
AMERICAN  COLLEGE  STUDENTS— C.  H.  Cooper,  University  of  Texas  at 
El  Paso ,  El  Paso. 

Invited  Paper 

INNOVATIONS  IN  THE  PHYSICS  LABORATORY— H.  Daw,  New  Mexico 
State  University,  Las  Cruces. 


ABSTRACTS 


371 


Friday  Afternoon,  March  10 
Division  A 

i9F  SPIN-LATTICE  RELAXATION  IN  BaF2:Sm3  +  AT  LOW  TEMPERA¬ 
TURE* — C.  S.  Mak  and  P.  P.  Mahendroo,  Texas  Christian  University ,  Fort 
Worth. 

The  nuclear  spin-lattice  relaxation  time  in  the  laboratory  frame,  T1?  of  19F  in  a 
!  BaF0  crystal  doped  with  0.25  mol  %  of  Sm3+  was  measured  from  125  °K  to  300°K. 

The  static  magnetic  field  H0  corresponding  to  the  larmor  frequency  of  34MHz  for 
J  19F  was  aligned  along  the  [111]  crystalline  axis.  The  characteristics  of  T1  indicate 
that  the  nuclear  spin-lattice  relaxation  is  predominately  due  to  the  paramagnetic 
3m3  + .  Tj  is  found  to  decrease  with  temperature  and  a  minimum  is  expected  below 
125°K  corresponding  to  the  condition  cor  =  1  when  r  is  the  electronic  spin-lattice 
relaxation  time  of  Sm3  +  .  The  BaF2  data  is  compared  with  measurements  of  Tj  in 
Sm3+  doped  crystals  of  SrF2  and  CaF2. 

MUONIC  ATOMS  AND  NUCLEAR  CHARGE  DISTRIBUTION  (OF  PB)— 
J.  M.  Khan  and  Y.  N.  Kim,  Texas  Tech  University,  Lubbock. 

The  moments  of  the  nuclear  charge  density  distribution,  <Rn>,  give  important 
|  information  about  the  nuclear  structure.  Each  transition  between  the  2  energy  levels 
corresponds  to  a  particular  moment  in  a  given  muonic  atom.  The  exponent  “n”  in 
j  <Rn>  is  not  necessarily  an  integer.  The  equivalent  radius  is  related  to  the  moment 
of  the  nuclear  charge  density  distribution  by  the  relation 
Rn  =  [(n+3)  <rn>/3]Vn  . 

'  The  equivalent  radii  are  almost  model-independent,  that  is,  the  radii  are  independent 
of  the  mathematical  form  of  the  charge  distribution.  An  attempt  is  made  to  study 
these  radii  and  their  changes  with  respect  to  “n”  and  other  nuclear  parameters.  The 
equivalent  radii  are  calculated  from  the  2-parameter  Fermi-type  charge  distribution 
i  and  compared  with  the  experimental  values  for  Pb(Z=82). 

MICROWAVE  PROPERTIES  OF  SOLIDS  AND  LIQUIDS  USING  A  CYLINDRI¬ 
CAL  MICROWAVE  CAVITY  AS  A  PROBE— K.  H.  Hong  and  J.  A.  Roberts, 
North  Texas  State  University,  Denton. 

EXCITATION  SPECTRA  OF  CARBON  DIOXIDE  BY  10—150  KILOVOLT 
PROTONS — F.  Brandon  and  B.  M.  Doughty,  East  Texas  State  University, 
Commerce. 

LASER  INDUCED  FLUORESCENCE  SPECTRA  OF  NITROGEN  DIOXIDE*— 
N.  Shinkle,  C.  Irish  and  Kin  Wa  Ng,  Sam  Houston  State  University,  Huntsville. 
A  pulsed  argon  laser  with  an  average  power  output  of  1.8  milliwatts,  multicolor, 
has  been  used  to  excite  fluorescence  of  N02  vapor.  With  the  fluorescence  cell  placed 
inside  the  laser  cavity  and  with  a  vapor  pressure  of  less  than  1  mm,  the  reddish- 
orange  fluorescence  was  visible  in  a  lighted  room.  An  attempt  to  observe  the  high 
resolution  spectrum  of  this  fluorescence  was  partially  successful. 

The  high  temperature  absorption  spectrum  of  N02  in  the  region  2400-2800  A 
has  also  been  re-examined.  Two  previously  unreported  absorption  bands  have  been 
discovered  in  this  region  to  the  red  of  previously  reported  bands.  These  new  bands 

*  Supported  by  the  Robert  A.  Welch  Foundation. 
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appear  to  arise  from  transitions  from  excited  vibrational  levels  of  the  ground  state 
to  the  vibrationless  level  of  the  upper  electronic  state.  Tentative  ground  state  fre¬ 
quencies  obtained  from  these  bands  are  2v±  ~f-  v2  —  3363  cm-1  and  3v1  =  3931  cm-1. 

EXPERIMENTAL  OBSERVATION  OF  PLASMA  DYNAMICS  IN  A  THETA- 
PINCH  TOROIDAL  SECTOR— E.  L.  Cantrell,  O.  M.  Friedrich  and  A.  A. 
Dougal,  The  University  of  T exas  at  Austin,  Austin. 

The  theta  pinch  configuration  reliably  produces  neutron  emission  from  deuteriun 
fusion  plasmas  with  confinement  times  limited  primarily  by  end  losses.  When 
toroidal  geometry  is  contemplated  as  solution  to  this  loss  mechanism,  suitable  steps 
to  stop  the  drift  resulting  from  the  magnetic  field  gradient  must  be  considered. 

An  analytic  approach  has  been  developed  utilizing  a  circuit  model  for  the  electri¬ 
cal  characteristics  of  the  plasma.  The  electric  currents  in  the  system  (plasma  surface 
currents  as  well  as  the  applied  currents)  together  with  the  spatial  coordinates  are 
taken  as  the  dimensions  of  a  configuration  space  for  the  subsequent  application  of 
Lagrange’s  equations.  The  solution  of  this  system  of  equations  is  facilitated  by  the 
assumption  that  the  toroidal  geometry  does  not  appreciably  alter  the  implosion 
dynamics. 

A  solution  was  obtained  for  the  case  where  the  toroidal  equilibrium  is  accom¬ 
plished  by  means  dynamically  stabilizing,  oscillatory  longitudinal  currents.  These 
analytic  results  successfully  predicted  the  dynamical  behavior  of  the  plasma  in  a 
recent  Swiss  experiment  (Jones,  1972,  Phys.  Rev.  Letters,  28(3))  which  utilized 
this  dynamic  stabilization  technique. 

When  the  analytic  method  is  applied  to  the  Scyllac  equilibrium  scheme,  the 
resulting  equilibrium  criteria  are  in  agreement  with  those  obtained  by  considerably 
different  analytic  methods  (Morse,  et  al.,  1968,  Plasma  Phys.,  10). 

GALVANIC  CORROSION  AS  A  FACTOR  IN  CONSTRUCTION— J.  C.  Cox,  Jr, 
Wayland  Baptist  College,  Plainview. 

MEASUREMENT  OF  THE  EFFICIENCY  OF  SEMI-CONDUCTOR  DETECTORS 
FROM  6  TO  166  keV* — J.  D.  Faulk  and  C.  A.  Quarles,  Texas  Christian  Uni¬ 
versity,  Fort  Worth. 

An  experimental  technique  has  been  devised  for  measuring  the  photon-detection 
efficiency  of  semi-conductor  spectrometers  in  the  energy  range  6  to  166  keV.  This 
technique  makes  use  of  accurately  calibrated  carrier-free  radioactive  sources.  Its 
advantages  include  convenience  and  ease  of  use,  and  elimination  of  errors  due  to 
geometry  effects.  Results  are  presented  for  2  cases:  a  cooled  Ge(Li)  detector  and  a 
cooled  Si  (Li)  detector. 

MAGNETOACOUSTIC  DISPERSION  IN  ULTRAPURE  METALS*— Shyh-Jie 
Chang,  The  University  of  Texas  at  Austin,  Austin. 

Magnetoacoustic  dispersion  and  attenuation  have  been  calculated  for  a  free- 
electron  metal.  Previous  work  by  Rodriguez  indicated  that  both  should  have  the  ; 
same  functional  dependence  on  the  externally  applied  magnetic  field.  Our  results  j 

*  Research  supported  in  part  by  the  Robert  A.  Welch  Foundation  under  grant  , 
number  X-473  and  in  part  by  the  Faculty  Research  Council  of  SHSU. 

*  Work  supported  in  part  by  the  National  Aeronautics  and  Space  Administration 
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show  that  the  dispersion  and  attenuation  are  proportional,  respectively,  to  the 
imaginary  and  real  parts  of  a  tensor  G  and  do  not  necessarily  have  the  same  field 
dependence. 

A  new  measurement  technique  capable  of  measuring  both  ultrasonic  attenuation 
and  dispersion  in  the  sample  is  discussed  and  the  results  obtained  in  ultrapure  single 
crystals  of  cadmium  and  copper  with  50  MHz  longitudinal  waves  propagating 
normal  to  the  magnetic  field  are  presented.  The  stronger  oscillations  of  the  velocity 
in  the  low  field  region  found  by  other  workers  weer  also  found  in  this  experiment. 
The  behavior  can  be  satisfactorily  explained  using  the  asymptotic  expressions  for 
ql  >>  1  and  x  >>  1. 

Division  B 

SEMI-CLASSICAL  DENSITY  OF  STATES—W.  D.  Beering,  North  Texas  State 
University ,  Denton. 

MICROWAVE  COLLISION  DIAMETERS  FOR  SELECT  ROTATIONAL  TRAN¬ 
SITIONS  IN  THE  H2CO  MOLECULE— D.  V.  Rogers  and  J.  A.  Roberts, 
North  Texas  State  University ,  Denton. 

ELECTROMAGNETIC  GENERATION  OF  ULTRASONIC  WAVES  IN  A 
METALLIC  SLAB* — -Jean-Pierre  Masson,  The  University  of  Texas  at  Austin, 
Austin. 

We  present  a  theoretical  calculation  of  the  relative  amplitudes  of  ultrasonic  shear 
waves  in  a  metallic  slab,  generated  by  an  incident  electromagnetic  wave. 

We  start  with  a  finite  metallic  slab,  and  create  an  equivalent  infinite  medium. 
For  this  procedure  to  be  valid,  the  electrons  must  be  specularly  reflected  at  the 
boundaries,  and  we  must  add  a  term  to  our  equations  to  satisfy  continuity  conditions. 

We  then  solve  the  equations  of  motion  of  the  ions,  along  both  x  and  y  axes  (with 
propagation  and  static  magnetic  field  along  z)  together  with  Maxwell’s  equations 
for  the  electric  field.  This  is  done  using  a  Fourier  analysis  technique.  This  theory 
is  valid  for  any  value  of  qi  (local  and  non-local  cases) ,  any  specimen  thickness,  and 
for  both  the  degenerate  and  non-degenerate  cases.  Appropriate  boundary  conditions 
can  be  chosen  for  the  particular  experimental  conditions,  e.g.  coil-transducer,  coil- 
coil,  etc. 

The  result  obtained  is  teh  ratio  of  the  output  signal  to  the  incident  one.  Thus  for 
the  coil-transducer  case,  we  obtain:  (ion  displacement  at  the  2nd  surface) / (incident 
electric  field  at  the  first  surface).  B.  Abeles  measured  the  insertion  loss  in  an  indium 
film,  at  9.3  GHZ,  and  obtained  10-13.  From  our  calculation  we  obtain  3  X  10-11. 
R.  C.  Alig  in  a  calculation  using  a  semi-infinite  model  obtained  10-22. 

Our  theoretical  results  are  in  good  agreement  with  the  experimental  data  obtained 
by  G.  Turner,  R.  L.  Thomas,  and  D.  D  Hsu,  for  the  electromagnetic  generation  at 
4.2°  K  in  potassium.  At  high  magnetic  fields  our  calculation  shows  that  the  electric 
component  of  the  generated  wave  increases  in  amplitude  with  the  magnetic  field. 
This  behavior  was  observed  experimentally  by  G.  Turner  and  co-workers. 

BREMSSTRAHLUNG  RADIATION  PRODUCED  BY  SCATTERING  50  TO  140 
keV  ELECTRONS  FROM  THIN  METAL  FOILS*— C,  A.  Quarles  and  D.  B. 
Heroy,  Texas  Christian  University,  Fort  Worth. 

*  Work  supported  in  part  by  a  grant  from  the  National  Science  Foundation. 
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A  Cockroft- Walton  150  keV  electron  accelerator  is  used  to  investigate  the  pro¬ 
duction  of  bremsstrahlun g  radiation  by  scattering  electrons  from  thin  metal  foils. 
The  dependence  of  the  bremmsstrahlung  differential  cross-section  on  photon  energy 
and  angle  for  gold  and  aluminum  is  examined.  Results  are  compared  with  theoretical 
calculations  and  data  of  other  investigators. 

GEOMAGNETIC  EFFECTS  ON  THE  COSMIC  RAY  MUON  CHARGE  RATION 
AT  LARGE  ZENITH  ANGLES— B.  J.  Bateman,  T.  H.  McAdams,  P.  J. 
Green  and  N.  M.  Duller,  Texas  A&M  University ,  College  Station. 

STUDIES  OF  ICE  BY  TRANSIENT  NMR* — G.  Voss  and  P.  P.  Mahendroo,  Texas 
Christian  University ,  Fort  Worth. 

We  have  measured  proton  spin-lattice  relaxation  of  pure  ice  and  ice  doped  with 
10-3  molar  concentration  of  Mn(N03)2.  The  measurements  were  made  using  pulsed 
NMR  technique  at  34  MHz  in  the  temperature  range  of  0°C  to  — -125°C.  In  the 
temperature  range  of  0°C  to  — 40°  C  the  relaxation  due  to  the  translational  diffusion 
with  an  activation  energy  of  0.557  eV  in  the  pure  sample  and  0.490  eV  in  the  doped 
sample.  In  the  lower  temperature  range  the  paramagnetic  impurities  seem  to  effect 
the  relaxation  process  more  than  at  the  higher  temperatures. 

SEMI-CLASSICAL  MODEL  OF  THE  NEUTRON— M.  Davis  and  Y.  N.  Kim, 
Texas  Tech  University,  Lubbock. 

The  presence  of  an  anomalous  magnetic  moment  was  one  of  the  first  indications 
that  the  structure  of  the  neutron  was  more  complicated  than  that  predicted  by  the 
Dirac  theory.  The  advent  of  the  meson  theory  of  nuclear  forces  has  made  possible 
a  qualitative  description  of  the  main  features  of  this  structure  and  the  internucleon 
reaction. 

According  to  this  theory,  the  neutron  may  dissociate  into  a  virtual  proton  and 
negative  pi  meson  cloud.  In  the  presence  of  an  external  electric  field,  distortion  of 
the  meson  cloud  and  the  appearance  of  an  induced  polarization  according  to  the  re¬ 
lation  P  =  «E  is  expected. 

Under  the  assumption  of  a  bound  system  for  the  proton  and  meson  cloud  in  an¬ 
alogy  to  the  harmonic  oscillator,  it  is  possible  to  estimate  the  value  of  the  polariza¬ 
bility  a  of  the  neutron.  A  value  of  1.6  X  10-42  cm3  was  determined  for  the  polari¬ 
zation,  a  good  agreement  with  experimental  values  based  on  pion  photoproduction 
(Thaler,  R.  M.,  1959,  Phys.  Rev.,  114:  827-829).  An  estimate  of  the  meson  distri¬ 
bution  is  also  made. 

PARTICLE  IDENTIFICATION  USING  A  LINEAR  SERIES  OF  SILICON  SEMI¬ 
CONDUCTOR  DETECTORS — L.  Justus,  Southern  Methodist  University, 
Dallas. 

PARTICLE  IDENTIFICATION  USING  A  TWO  DIMENSIONAL  ARRAY  OF 
SILICON  SEMICONDUCTORS— G.  W.  Crawford,  Southern  Methodist  Uni¬ 
versity,  Dallas. 

*  Supported  by  the  Robert  A.  Welch  Foundation. 
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Division  C 

THE  NEW  STARK  MODULATION  MICROWAVE  SPECTROMETER  AT 
N.T.S.U. — G.  Craik  and  J.  A.  Roberts,  North  Texas  State  University ,  Denton. 

AN  AUTOMOBILE’S  HORSEPOWER,  FUEL  ECONOMY  &  MAXIMUM  SPEED 
—AN  ELEMENTARY  MECHANICS  EXERCISE— D.  L.  Lewis,  Bee  County 
College ,  Beeville. 

TEACHING  PHYSICS  IN  A  TECHNICAL  INSTITUTE— M.  L.  Fisher  and  C.  D. 
Ingram,  Texas  State  Technical  Institute,  Waco. 

RESONANCE  PROFILE  SHAPE  OF  A  MICROWAVE  PERTURBED  BY  A 
PLASMA  FILAMENT — R.  H.  Freeman  and  J.  A.  Roberts,  North  Texas  State 
University,  Denton. 

WHICH  WAY?  A  SINGLE  CONCEPT  FILM— N.  A.  Burandt  and  W.  C.  Shock- 
ley,  Jr.,  Pan  American  University,  Edinburgh. 

COMPUTER  ASSISTED  INSTRUCTION  AND  GROUP  DYNAMICS  IN  A 
BEGINNING  PHYSICS  COURSE  FOR  THE  NON-SCIENCE  STUDENT— 
G.  E.  Terrell  and  W.  B.  Self,  University  of  Texas  at  Arlington,  Arlington. 

TEACHING  MODERN  PHYSICS  AND  CHEMISTRY  IN  THE  REGIONAL 
ADVISOR  PROGRAM* — M.  Synek,  The  University  of  Texas  at  Austin,  Aus¬ 
tin. 

The  program  provides  for  the  enrichment  of  existing  courses  in  physical  sciences. 
A  broad  cross-section  through  important  modem  areas  is  emphasized,  with  many 
practical  spin-offs.  The  program  is  characterized  by  3  features:  (i)  Physical  sciences 
in-service  enrichment  courses  for  high  school  teachers  of  physics,  chemistry,  biology, 
and  mathematics,  (ii)  Question-and-answer  sessions,  and  demonstration  sessions,  for 
classes  and  assemblies  of  high  school  student  of  participating  teachers,  (iii)  Special 
pendent  study.  Various  instructional  media  are  used  abundantly,  interspersed  with 
consultations,  discussions,  and  reports  by  the  participants.  It  appears  that  the  program 
is  contributing  to  better  appreciation  of  science,  and  to  deeper  intuitive  understand¬ 
ing  of  its  principles.  Feature  (i)  of  the  program  is  centered  around  a  course  which 
starts  with  our  usual  daily  experience ,  illustrated  by  many  typical  chemical  reac¬ 
tions  and  well-recognized  crystals  of  ordinary  materials.  The  existence  of  crystals, 
and  of  the  saturation  points  of  chemical  reactions,  then  leads  to  the  existence  of 
atoms  through  a  rather  direct,  inexpensive,  easily  accessible,  and  plausible  con¬ 
templative  process.  The  building  of  a  model  of  nature  in  our  human  mind  has  be¬ 
gun.  The  course  then  proceeds  gradually  to  the  more  and  more  fundamental  systems 
of  nature,  finally  introducing  the  notion  of  quarks.  Then  the  course  reverses  its 
direction,  going  back  through  systems  of  increasing  complexity,  namely,  through 
elementary  particles,  nuclei,  atoms,  molecules,  materials,  and  environment. 

Panel  Discussion 

INTRODUCTORY  PHYSICS  LABORATORIES— E.  J.  Montague,  University  of 
Texas  at  Austin-,  H.  Daw,  New  Mexico  State  University,  Las  Cruces ;  and  E.  R. 
Pinkston,  United  States  Naval  Academy,  Annapolis. 

*  Supported  by  the  National  Science  Foundation. 
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Division  A 

SPIN-LATTICE  RELAXATION  OF  DIPOLAR  ORDER  IN  IMPURITY  DOPED 
CaF2. — L.  J.  Humphries  and  S.  M.  Day,  McMurray  College,  Abilene. 

THE  DETERMINATION  OF  GASEOUS  AIR  POLLUTANTS  WITH  A  MASS 
SPECTROMETER  TYPE  PARTIAL  PRESSURE  GAUGE.— L.  Pasquali  and 
V.  Michalk,  Southwest  Texas  State  University,  San  Marcos. 

PROTON  EXCITATION  OF  X-RAYS— H.  D.  Fetzer,  St.  Mary’s  University,  San 
Antonio. 

CURRENT  STUDIES  OF  FOUR-FIBER  THEORY— M.  D.  Wedin,  Texas  A&M 
University,  College  Station. 

14  MeV  NEUTRON  DISTRIBUTION  OF  THE  D-T  REACTION  FROM  A  GEN¬ 
ERATOR* — P.  K.  Eapen  and  G.  N.  Salaita,  Southern  Methodist  University, 
Dallas. 

The  distribution  of  the  14  MeV  Neutrons  around  a  generator  was  studied  using 
the  Cu  foil  activation  technique  suggested  by  the  Texas  Convention  [The  Texas 
Convention  on  the  measurement  of  15  MeV  neutrons  from  the  accelerators.  (Pro¬ 
ceedings  1965  International  Conference,  Modern  trends  in  activation  analysis)]. 
A  400  kV  Van  de  Graaff  accelerator  was  used  to  produce  the  neutrons  through  the 
D-T  reaction.  The  neutron  flux  was  measured  at  intervals  of  10°  for  distances  of 
5,  10,  and  15  cm  from  the  target.  The  neutron  flux  was  also  determined  from  the 
u:-rate  and  the  solid  angle  subtended  by  the  surface  barrier  detector  at  the  target. 
Corrections  are  to  be  applied  to  the  flux  as  measured  by  the  a  counter  to  account 
for  the  anisotropy  of  the  distribution.  The  1/R2  relationship  was  found  to  hold  for 
the  flux  distribution  at  the  above  stated  distances. 

PHOTO-POLYMER  MATERIALS  FOR  RECORDING  REAL-TIME,  OPTICAL 
IMAGES,  AND  HOLOGRAPHY— O.  M.  Friedrich,  Jr.,  University  of  Texas  at 
Austin. 

In  optical  imaging  and  optical  data  processing,  a  photo-sensitive  material  that  per¬ 
mits  recording  in  situ,  real-time,  self-developing,  erasable  records  is  desirable.  In 
optical  holography,  a  photo-sensitive  material  that  permits  recording  is  situ ,  real¬ 
time,  self-developing,  erasable,  volume,  phase  holograms  is  usually  considered  to  be 
“ideal.”  Utilizing  photo-polymers,  real-time  optical  image  records  were  made. 
Utilizing  photo-polymers,  optical  holographic  records  based  on  photo-induced  poly¬ 
merization  in  a  liquid  monomer  have  been  reported  (Close,  et  al.,  1969,  Appl.  Phys. 
Letters ,  14:159-160;  Friedrich  and  Dougal,  1971,  Bull.  Amer.  Phys.  Soc .,  16(11): 
1237  (abstract);  and  Haines,  et  al.,  1971,  IEEE/OSA  Conf.  on  Laser  Engineering 
and  Applications,  CLEA-1971,  Wash.,  D.  C.,  June  2-4)  with  the  following  desirable 
properties:  in  situ ,  nearly  real-time  dry-processing  (self-developing),  phase  holo¬ 
grams  with  resolutions  up  to  3000  lines/mm  and  diffraction  efficiencies  up  to  45%. 
A  photo-polymer  is  a  mixture  of  one  (or  more)  monomers  with  a  catalyst  in  which 
polymerization  is  initiated  by  exposure  to  light.  Principal  limitations  of  present 
photo-polymer  materials  are  their  low  sensitivity  and  their  limited  reversibility. 

*  Work  supported  in  part  by  The  Robert  A.  Welch  Foundation. 
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Presently  available  photo-polymers  are  usually  sensitive  in  the  ultraviolet;  thus, 
a  red-sensitive  dye  (such  as  methylene  blue)  is  used  for  helium-neon  (6328 A)  and 
ruby  (6943  A)  laser  wavelengths.  With  available  dyes,  the  sensitivity  is  about  1 
mJ/cm2 — the  same  order  as  for  Kodak  649F  silver  halide,  photographic  emulsion. 
These  red-sensitive  photo-polymers  have  relatively  low  signal-to-noise  ratio  and  a 
shelf-life  of  only  several  hours.  Hologram  formation  in  photo-polymers  is  usually 
a  3-step  process:  first,  an  exposure  is  made  of  the  interference  pattern  to  be  recorded 
which  polymerizes  part  of  the  monomer  with  the  amount  of  polymerization  being 
dependent  upon  the  intensity  of  the  illumination;  2nd,  monomer  concentration  grad¬ 
ients  then  produce  diffusion  of  the  small  monomer  molecules  from  regions  of  higher 
concentration  to  regions  of  lower  concentration;  and  3rd,  the  photo-polymer  is 
then  exposed  to  light  of  uniform  intensity  to  polymerize  the  remaining  monomer 
(a  fixing  exposure).  Holographic  techniques  utilizing  photo-polymer  recording  ma¬ 
terials  are  being  investigated  and  evaluated  in  our  research  laboratories.  Experi¬ 
mental  studies  in  progress  include:  presensitization;  flash-  and  thermal-fixing  (Ten¬ 
ney,  1971,  J.  Optical  Soc.  Amer .,  61:1116-1117);  radiation  wavelength  sensitivity; 
resolution  and  efficiency  measurements. 

EFFECT  OF  NUCLEAR  MOTION  ON  THE  ELECTRONIC  STATES  OF  THE 
HYDROGEN  MOLECULE  ION. — F.  M.  Glaser,  Pan  American  University , 
Edinburg. 

QUANTUM-MECHANICAL  SCREENING  OF  AN  ELECTRIC  FIELD.* — V.  E. 
Kenner,  Texas  A&M  University ,  College  Station . 

Linear  response  theory  has  been  used  to  determine,  for  the  jellium  model,  the 
self-consistent  screening  of  an  external  electric  field  and  the  distribution  of  excess 
charge  near  a  metal  surface.  (These  are  equivalent  problems.)  The  Fredholm 
equation  is  derived  by  Schiff  (1969,  Phys .  Rev.,  Bl:  4649)  was  revised  so  as  to  con¬ 
tain  a  non-symmetrical  kernel  and  then  solved  for  the  screened  electric  field.  The 
results  are  significantly  different  from  those  found  by  Schiff  using  a  non-selfcon- 
sistent  approach  and  WKB  wavefunctions.  The  results  for  the  excess  charge  distri¬ 
bution  are  in  agreement  with  those  obtained  by  Lang  and  Kohn  (1971,  Phys.  Rev., 
B3,  1215)  in  their  calculation  of  the  work  function. 

Division  B 

THE  CALCULATION  OF  SOME  CROSS-SECTIONS  FOR  K-SHELL  IONIZA¬ 
TION  BY  ELECTRON  IMPACT — R.  Fleming,  Texas  Christian  University , 
Fort  Worth. 

ON  THE  SECONDARY  ORIGIN  OF  COSMIC  RAY  ELECTRONS— L.  M.  Chote, 
Texas  A&M  University ,  College  Station . 

The  differential  energy  spectrum  of  primary  cosmic  ray  electrons  produced  by 
collisions  of  primary  cosmic  ray  particles  with  the  interstellar  medium  is  calculated 
by  means  of  the  2- temperature  statistical  model  Tor  particle  production  of  high- 
energy  interactions.  The  distribution  of  matter  in  the  galaxy,  energy  loss  of  the 
produced  secondaries  and  their  decay  modes,  and  possible  confinement  to  the  galac¬ 
tic  disk  are  considered.  The  results  are  compared  with  experimental  data. 

*  Work  supported  in  part  by  a  grant  from  Texas  A&M  Research  Council. 
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THEORY  OF  PHOTOEFFECTS  IN  LIPID  BILAYERS— F.  M.  Loxsom,  Trinity 
University ,  San  Antonio 

DESIGN  OF  A  SPHERICALLY  BENT  CRYSTAL  X-RAY  SPECTROMETER— 
J.  Frishie  and  D.  L.  Parker,  St.  Mary's  University,  San  Antonio. 

MEASUREMENTS  OF  DIELECTRIC  CONSONANTS  OF  QUARTZ— Y.  E.  Bot¬ 
tom,  McM array  College,  Abilene. 

MAGNETORESISTANCE,  THERMOPOWER,  AND  HALL  EFFECT  IN  Li 
(NH3)4 — E.  LeMaster,  Pan  American  University,  Edinburgh. 

LIBERAL  ARTS  ASTRONOMY— R.  C.  Ivey,  Abilene  Christian  College  Abilene. 


Division  C 

REPORT  ON  A  NEW  INTRODUCTORY  COURSE  IN  ASTRONOMY  AT 
N.T.S.U. — B.  P.  Foster,  North  Texas  State  University,  Denton. 

PHYSICS  TEACHING  IN  GUATEMALA— J.  A.  Antillon-Matta,  University  de 
San  Carlos  de  Guatemala. 

THE  PHYSICS  IN  NICARAGUA — R.  Argenal,  University  of  Texas  at  Austin, 
Austin. 

PHYSICS  AT  THE  ISEF — J.  C.  Kee,  El  Campo  High  School,  El  Campo. 

REPORT  ON  PHYSICAL  SCIENCE— PROGRESS  REPORT— T.  Slater,  Texas  Ed¬ 
ucation  Agency,  Austin. 

HIGH  SCHOOL  PHYSICS  FOR  THE  AVERAGE  STUDENT— R.  N.  Little,  Uni¬ 
versity  of  Texas  at  Austin,  Austin. 

Invited  Paper 

DEMONSTRATIONS  IN  THE  PHYSICS  LABORATORY— E.  R.  Pinkston,  United 
States  Naval  Academy,  Annapolis,  Md. 


SECTION  III— EARTH  SCIENCE 
Friday  Morning,  March  10 
Symposium  on  Environmental  Geology : 

GROUND  WATER  OCCURRENCE  OF  THE  EL  PASO  AREA  AND  ITS  RE¬ 
LATED  GEOLOGY — T.  E.  Cliett,  Public  Service  Board,  City  of  El  Paso. 

THE  EDWARDS  AQUIFER— ITS  CAPACITY  AND  DEVELOPMENT— R.  W. 
McClay,  U.S.  Geological  Survey. 
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WATER  QUALITY  IN  THE  TEXAS  HIGH  PLAINS — -W.  D.  Miller,  Texas  Tech 
University ,  Lubbock. 

WHAT  ARE  WE  DOING  TO  OUR  SOILS? — -K.  Young,  University  of  Texas  at 
Austin . 

LAND-SURFACE  SUBSIDENCE  IN  THE  HOUSTON  AREA— R.  O.  Gabrysch, 
U.S.  Geological  Survey. 

URBAN  GEOLOGY — O,  T.  Hayward,  Baylor  University ,  Waco. 

ENVIRONMENTAL  GEOLOGY  OF  THE  TEXAS  COASTAL  ZONE— L.  F.. 
Brown,  Bureau  of  Economic  Geology ,  University  of  Texas  at  Austin ,  Austin. 


Friday  Afternoon,,  March  10 

Environmental  Geology : 

TEACHING  GEOLOGY  TVS  HOW  TO  TEACH— R.  B  Bartholomew,  Univer¬ 
sity  of  Texas  at  Austin ,  Austin. 

THE  GULF  ENVIRONMENTAL  PROGRAM:  PROGRESS  REPORT  ON  AN 
INTERDISCIPLINARY  STUDY  OF  THE  GULF  OF  MEXICO — A.  Lohse, 
Gulf  Universities  Research  Corporation. 

SOME  TRENDS  IN  MUNICIPAL  WATERSHED  MANAGEMENT.  J.  R.  Stinger 
and  S.  W.  Clark,  Stephen  F.  Austin  State  University ,  Nacogdoches. 

IMPROVING  INFILTRATION  FOR  GROUNDWATER  RECHARGE— J.  Singer 
and  M.  V.  Bintliff,  Stephen  F .  Austin  State  University ,  Nacogdoches. 

A  RECONNAISSANCE  SYSTEM  FOR  ENVIRONMENTAL  PLANNING  AND 
ANALYSIS — W,  T.  Miller  and  J.  R.  Singer,  Stephen  F.  Austin  State  Univer¬ 
sity ,  Nacogdoches . 

CHEMICAL  DISCHARGES  AS  SEDIMENT  RATE  INDICATORS— R.  J.  Scru- 
dato  and  R.  Brown,  Lamar  University,  Beaumont. 

SABINE  LAKE  WATER  QUALITY— D.  Brown,  J.  Corrent,  L.  Edmiston  and  R. 
Scrudato,  Lamar  University,  Beaumont. 

NATURAL  OIL  SEEPS  IN  THE  MARINE  ENVIRONMENT— W.  Sweet,  Jr. 
and  R.  A.  Geyer,  Texas  A&M  University,  College  Station. 

ARTISIAN  CIRCLE— R.  K.  DeFord,  University  of  Texas  at  Austin,  Austin. 

Meteorology : 

A  NEW  LOOK  AT  PRECIPITATION  VARIABILITY— D.  M  Driscoll,  Texas 
A&M  University,  College  Station ■ 
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SPECTRAL  DISTRIBUTION  OF  SOLAR  RADIATION— L.  Y.  Chen  and  G.  A. 
Franceschini,  Texas  A&M  University ,  College  Station. 

SOLAR  RADIATION  OVER  THE  GULF  OF  MEXICO— L.  D.  Cork  and  G.  A. 
Francheschini,  Texas  A&M  University,  College  Station. 

USE  OF  SATELLITE  DATA  FOR  ESTIMATING  CLOUD  COVERAGE  OVER 
A  LIMITED  AREA — M.  O.  Little  and  F.  A.  Franceschini,  Texas  A&M  Uni¬ 
versity,  College  Station. 

SUBTROPICAL  JET  STREAM  CIRRUS  PATTERNS  OVER  THE  SOUTH¬ 
WESTERN  UNITED  STATES— R.  J.  Vogt,  Texas  A&M  University,  College 
Station. 

WEATHER  MODIFICATION  FOR  WATER  RESOURCES  MANAGEMENT— 
G.  E.  O’Connor  and  R.  A.  Clark,  Texas  A&M  University,  College  Station. 
Weather  or  precipitation  modification  has  been  attempted  for  the  purposes  of  aug¬ 
menting  rainfall  or  producing  rainfall  during  periods  of  extended  drought.  Meteor¬ 
ologists  also  have  used  the  same  procedures  in  an  attempt  to  prevent  economic  losses 
due  to  catastrophic  weather  events  such  ase  hurricanes,  hailstorms,  tornadoes,  and 
thunderstorms.  The  increasing  demand  for  surface  water  has  prompted  hydrome¬ 
teorologists,  hydrologists,  and  water-resource  systems  engineers  to  consider  precip¬ 
itation  modification  in  order  to  increase  streamflow  and  reservoir  storage  to  meet 
hydroelectric,  municipal,  industrial,  and  agricultural  needs.  Decision  theory  has 
been  applied  to  determine  the  feasibility  of  a  project  involving  daily  cloud-seeding 
in  the  Concho  River  basin  of  west  Texas  and  to  provide  the  framework  for  evaluat¬ 
ing  the  results  of  precipitation  modification  for  water  yield.  Factors  considered  in 
the  decision  model  are:  stochastic  meteorological  forecasts,  reservoir  water-require¬ 
ment  factors,  weather  modification  experiments  and  results,  physical  aspects  of  the 
river  basin,  and  economic  evaluation  of  weather  modification  for  water  resources 
management. 

CHARACTERISTICS  OF  THE  CENTRAL  TEXAS  WIND  FIELD  AND  THEIR 
APPLICATION  TO  WATER  RECREATION  ON  INLAND  TEXAS  LAKES 
— J.  E.  Arnold,  Texas  A&M  University,  College  Station. 

SOME  APPLICATIONS  AND  PROBLEMS  OF  THE  DEGREE-DAY  CONCEPT— 
M.  S.  Flynn,  Texas  A&M  University ,  College  Station. 

The  degree- day  concept  is  viewed  as  an  aid  in  the  understanding  of  the  complex 
interaction  between  the  various  elements  of  the  climate  and  some  aspects  of  im¬ 
portance  to  man.  The  importance  of  thresholds  of  effects  of  climatic  elements  is 
noted,  and  degree-days  are  defined  as  the  departure  of  the  mean  daily  temperature 
from  a  given  threshold  value.  Relationships  involving  degree-days  are  empirical, 
not  casual. 

Application  of  the  degree-day  concept  to  plant  growth  and  snow-melt  estimation 
are  mentioned.  The  relevant  application  to  heating  engineering,  the  heating  degree- 
day  (the  negative  departure  of  the  mean  daily  temperature  from  65 °F),  is  dis¬ 
cussed  at  length.  Heating  degree-days  are  totaled  over  selected  periods  and  have 
been  found  to  have  a  0.9  correlation  with  fuel  consumption,  thus,  providing  a  simple 
measure  of  heating  requirements  for  an  area.  The  problems  caused  by  wind  and 
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radiation  in  heating  requirement  estimation  is  noted.  The  cooling  degree-day  is 
also  discussed.  This  is  the  positive  departure  of  the  daily  temperature  from  a  given 
threshold.  Totals  represent  a  measure  of  an  area’s  air  conditioning  requirements. 
Just  how  cooling  degree-days  are  to  be  calculated  is  a  matter  of  considerable  con¬ 
tention.  A  constant  source  of  controversy  has  been  whether  or  not  ta  include  a 
variable  representing  moisture.  Several  methods  of  cooling  degree-day  calculation, 
including  one  by  the  author,  are  noted.  This  method  was  applied  to  data  from  11 
Florida  cities  for  1970,  and  a  map  is  presented.  Cooling  degree-days  can  be  used  to 
aid  in  analysis  of  cooling  power  loads  and  air  conditioning-cost  to  home  owners. 

The  future  may  see  a  substitution  of  heat  units  for  temperature  units  in  the 
degree-day  concept,  signifying  increased  awareness  of  the  importance  of  the  whole 
energy  balance  for  organisms  and  structures. 

THE  THERMODYNAMIC  VARIABLES  IN  THE  EQUATION  FOR  DEEP, 
MOIST  CONVECTION — S.  Djuric  and  J.  L.  Hatch,  Texas  A&M  University * 
College  Station. 

COLOR  ENCHANTMENT  OF  SMALL  GRADUENT  THERMAL  IMAGERY— 
G.  L.  Huebner,  Texas  A&M  University ,  College  Station. 

TROPICAL  RAINFALL  VARIATIONS— W.  K.  Henry,  Texas  A&M  University 9 
College  Station. 

TROPICAL  RAINFALL  VARIATIONS— W.  K.  Henry,  Texas  A&M  University , 
College  Station. 

Structure  and  General  Geology 

MESOSCOPIC  FABRIC  ANALYSIS  OF  THE  PRECAMBRIAN  IN  CENTRAL 
COLORADO — V.  Gobel,  Stephen  F.  Austin  State  University ,  Nacogdoches . 
Precambrian  rocks  in  the  Front  Range  of  central  Colorado,  Mt.  Evans  area,  are 
B  J_  B'"  tectonites  with  localized  overprint  of  an  s-tectonite  fabric.  They  were  de¬ 
formed  during  2,  possibly  3  deformation  periods.  The  first  period  took  place  1.74- 
1.69  b.y.  ago  at  Boulder  Creek  orogeny  time.  In  3  deformation  acts  the  following 
features  were  produced: 

1.  Isoclinal  folds  with  axial  plane  foliation.  The  foliation  plane  parallels  the  sed¬ 
imentary  s-plane  of  the  para-rocks. 

2.  Upright  folds  with  moderate  folding  of  the  foliation. 

3.  Cross-folds  in  the  foliation  plane  and  perpendicular  to  the  axis  of  the  upright 
folds. 

The  peak  of  deformation  intensity  was  reached  before  the  culmination  of  the  high- 
grade  regional  dynamo-thermal  metamorphism  in  the  area.  Intense  fracturing  in 
NNE-SSW,  NE-SW,  and  NW-SE,  NNW-SSE  striking  zones  occurred  during  a  2nd 
deformation  period  which  may  be  as  old  as  1.45  b.y.  These  fracture  zones  were  re¬ 
activated  probably  during  the  time  of  the  Front  Range  uplift  during  the  Cretaceous: 
and  early  Tertiary. 

The  joint  patterns  are  of  multiple  origin.  They  are  related  to  folding  (deforma¬ 
tion  period  1),  to  fracturing  (deformation  period  2,  3),  and  to  geomorphologic- 
geomeehanical  processes  of  Quaternary  age. 
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INTERRELATIONSHIPS  BETWEEN  THE  MARBLE  FALLS,  SMITHWICK, 
AND  STRAWN  FORMATIONS  IN  CENTRAL  TEXAS— R.  S.  Kier,  Univer¬ 
sity  of  Texas,  Austin. 

THE  CURRENT  MEANING  OF  OROGENY— S.  E.  Cebull,  Texas  Tech  Univer¬ 
sity,  Lubbock. 

Attempts  to  develop  a  general  model  of  orogenic  events,  for  the  possible  purpose 
of  analyzing  plate-junction  interactions  and  other  fundamental  tectonic  questions, 
lead  to  the  problem  of  establishing  a  precise  view  or  definition  of  orogeny.  Long 
and  varied  use  of  the  term  has  culminated  in  widespread  confusion  concerning  the 
meaning  of  the  word  and  of  the  concept  implied. 

At  present,  orogeny  is  defined  in  terms  of  a  number  of  “criteria.”  In  abbreviated 
form,  these  are:  uplift,  morphologic  development  (including  mountain  building), 
geographic  shape,  geographic  extent,  geologic  location,  deformation,  rock  fabric, 
scale,  igneous  intrusion,  metamorphism  (regional),  time,  and  mechanism.  These 
criteria  are  utilized  in  varying  combinations,  thereby  proliferating  different  and 
commonly  divergent  views  of  the  concept. 

Reassessment  of  the  criteria  leads  to  the  conclusion  that  at  least  one  useful  view 
of  orogeny  is  that  of  an  intense  deformational  event,  restricted  by  scale,  regional 
extent,  and  time  of  deformation.  The  requisite  of  morphologic  development,  includ¬ 
ing  mountain  building,  is  specifically  rejected.  It  is  suggested  that  the  view  proposed 
here  represents  a  pragmatic  concept  of  orogeny,  one  which  is  predicated  on  deter¬ 
minable  criteria  and  which  is  well-suited  to  the  formulation  of  a  general  model. 

THE  DESCRIPTION  AND  ORIGIN  OF  INTRAFORMATIONAL  FOLDS  NEAR 
HOLMAN  HILL,  NEW  MEXICO— J.  J.  D’Lugosz,  Texas  Tech  University, 
Lubbock . 

A  NEW  LOOK  AT  THE  TECTONICS  OF  THE  QUACHITA  SYSTEM— G.  R. 
Keller,  Texas  Tech  University,  Lubbock. 

SOME  MECHANISMS  OF  DIFFERENTIATION  IN  THE  RATTLESNAKE 
MOUNTAIN  SILL,  WEST  TEXAS— M.  F.  Carman,  Jr.,  University  of  Hous¬ 
ton,  Houston. 

GEOLOGY  OF  THE  XALAPASO  DE  LA  JOYA  STRUCTURE,  MEXICO— B.  M. 
Carlson,  University  of  Houston,  Houston. 

THE  FINITE  ELEMENT  METHOD  IN  PETROLEUM  RESERVOIR  ANAL¬ 
YSIS — L.  Zull  and  P.  B.  Crawford,  Texas  A&M  University,  College  Station. 
This  paper  describes  the  application  of  the  finite  element  method  to  the  analysis 
of  oil  recovery  from  petroleum  reservoirs. 

The  analysis  is  restricted  to  radial,  2-dimensional  incompressible  steady  flow  of 
oil  which  is  described  by  the  Laplacian  form  of  the  diffusion  equation  in  cylindri¬ 
cal  coordinates.  Flow  in  the  reservoir  is  assumed  to  be  isothermal  and  adiabatic  and 
the  density  and  viscosity  of  the  oil  is  constant. 

Triangular  finite  elements  are  employed  in  the  analysis.  A  step  by  step  procedure 
illustrating  the  application  of  the  method  is  presented.  This  includes  instruction  on 
the  construction  of  the  finite  element  network  and  the  tabulation  of  all  numerical 
data  necessary  for  a  computer  solution. 
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THE  LOWER  ZUNI  SEQUENCE  IN  TEXAS,  NEW  MEXICO,  AND  ARIZONA 
. — P.  L.  Kehler,  East  Texas  State  University ,  Commerce. 

Saturday  Morning,  March  11 
Paleontology 

ARAGONITE  SECRETIONS  IN  PENICILLUS  DUMETOSUS—M.  McKenzie 
and  R.  Rezak,  Texas  A&M  University ,  College  Station . 

TRACE  FOSSILS  FROM  THE  WOLFE  CITY  FORMATION  (UPPER  CRETA¬ 
CEOUS) — IN  NORTHWEST  TEXAS — I.  Richardson,  University  of  Texas  at 
Arlington ,  Arlington „ 

OVERLAP  IN  EXTINCT  AND  EXTANT  MAMMALIAM  INFRACLASSES 
IN  THE  LOWER  CRETACEOUS  OF  TEXAS — B.  FI  Slaughter,  Southern 
Methodist  University ,  Dallas . 

FOSSILFISH  REMAINS  FROM  THE  TAYLOR  FORMATION  (UPPER  CRE¬ 
TACEOUS)  NEAR  LAKE  LA  VON — R.  L.  Meyer,  Southern  Methodist  Uni¬ 
versity,  Dallas . 

Six  sharks,  5  teleosts,  and  2  reptiles  were  found  near  the  base  of  the  Upper  Tay¬ 
lor  formation  on  the  shore  of  Lake  Lavon,  Collin  Co.,  Texas.  The  sharks  include 
Squalicorax  pristodontus,  Lamna  appendiculata ,  L.  elegans,  Pseudocorax  cf.  afftnis , 
Sclerorhynchus  cf.  atavis,  and  a  small  rhinobatid.  This  rhinobatid  represents  the 
first  known  North  American  occurance  of  this  form.  Holosteans,  represented  by  iso¬ 
lated  pycnodont  teeth,  are  rare.  Several  common  Upper  Cretaceous  teleosts  have 
been  recognized;  these  include  Saurocephalus  lanciformis,  Enchodus  sp.,  Stratodus 
aplicus ,  and  2  unidentified  teleosts.  Scattered  turtle  shell  elements  and  mosasaur 
teeth  represent  the  reptiles. 

These  remains  were  associated  with  abundant  bottom  dwelling  invertebrates 
which  are  probably  from  the  neritic  zone.  The  vertebrates,  except  for  the  rhinobatid, 
are  exclusively  pelagic. 

A  GIANT  PACHYRHIZIDAL  (FISH)  FROM  THE  EAGLE  FORD  SHALE  OF 
TEXAS — R.  Shepperd,  Southern  Methodist  U niversity,  Dallas . 

COMPARISON  OF  THE  DENTITIONS  OF  THE  EXTINCT  GLYPTODONTS 
AND  THE  GIANT  ARMADILLO,  PRIODONTES  GIGANTEUS— D.  Gil¬ 
lette,  Southern  Methodist  University ,  Dallas. 

Although  superficially  similar,  the  extant  South  American  Giant  Armadillo 
(Priodontes  giganteus )  and  the  extinct  Glyptodon  from  the  American  Pleistocene 
are  strikingly  divergent  in  dental  characters.  Cheek  teeth  in  Priodontes.  are  uni¬ 
formly  “incisiform,”  numbering  in  excess  of  20  in  each  upper  and  lower  series.  The 
teeth  are  situated  in  a  straight  row,  with  even  spacing  between  teeth,  and  little 
distinction  from  front  to  back.  The  occlusal  surface  of  each  tooth  displays  a  median 
peak  flanked  by  low-angle  wear  facets.  The  mandible  is  very  weak:  the  coronoid 
process  is  poorly  developed;  the  condyle  is  weak;  the  angular  process  is  small;  and 
the  entire  mandible  is  shallow  along  the  tooth  row.  The  condyle-  articulates  with  a 
fore-and-aft  groove  formed  by  the  glenoid  fossa.  Lateral  motion  is  prohibited;  mandi¬ 
bular  mobility  is  limited  to  anterior-posterior  movement,  probably  in  a  scissor  type 
of  motion. 
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Glyptodon  cheek  teeth  are  distinctly  molariform,  numbering  8  in  each  lower  and 
upper  series.  The  teeth  exhibit  progressive  complexity  from  front  to  back;  the  front 
teeth  are  weakly  trilobed,  while  the  rear  teeth  are  heavily  trilobe d.  Occlusal  sur¬ 
faces  are  flat  and  broad.  The  hypsodont  teeth  wear  evenly  with  slightly  raised  ridges 
along  the  median  line  which  radiate  into  each  lobe.  The  entire  mandible  is  mass¬ 
ively  developed.  The  coronoid  process  is  strong;  the  ascending  ramus  is  extremely 
broad  and  deep;  and  the  angular  process  is  well  developed.  The  sturdy  condyle 
articulates  in  the  deep,  laterally  oriented  glenoid  fossa,  indicating  limited  fore-and- 
aft  motion  and  strong  lateral  motion  of  the  mandible,  probably  for  grinding. 

MAMMALS  FROM  THE  PALEOGENE  BLACK  PEAKS  FORMATION,  BIG 
BEND  NATIONAL  PARK,  TEXAS — J.  Schiebout,  University  of  Texas  at 
Austin ,  Austin. 

A  NEW  MEGALONYX  SKULL — M.  Curtis,  Southern  Methodist  University,  Dal¬ 
las. 

PHYLLODONT-LIKE  TOOTH  PLATES  FROM  THE  LOWER  PERMIAN  OF 
NORTH-CENTRAL  TEXAS — G.  D.  Johnson,  Southern  Methodist  University, 
Dallas. 

PALEOECOLOGY  OF  THE  JAV ALINA  FORMATION  (UPPER  CRETACEOUS) 
BIG  BEND,  TEXAS — D.  Lawson,  University  of  Texas  at  Austin,  Austin. 

Saturday  Morning,  March  1 1 
Mineralogy 

ELECTRON  MICROSCOPIAL  STUDY  OF  HALLOYSITIC  CLAY  MINERALS— 
T.  R.  McKee,  J.  B.  Dixon  and  U.  G.  Whitehouse,  Texas  A&M  University,  Col¬ 
lege  Station. 

Halloysite  is  a  hydrated  aluminosilicate  in  the  kaolinite  subgroup  which  will 
expand  from  the  7.3  A  collasped  basal  spacing  to  11.3  A  upon  glyceration.  The 
classical  halloysite  is  considered  as  rods  or  tubes  of  mean  dimension  0.0 8/m  by  0.38/z. 
In  addition,  both  spherical  and  platy  morphologies  have  been  reported.  Electron 
microscopy  is  one  of  several  techniques  being  used  to  study  the  3  halloysite  types: 
tubular,  spherical,  and  platy. 

The  spherical  halloysite  grains,  recently  identified  in  some  Central  American 
soils  and  Gulf  of  Mexico  sediments  (mean  diameter  0.2^)  consists  of  a  series  of 
concentric  rosette  layers  seldom  distingiushed  at  normal  accelerating  potentials 
(50-1 00KV).  The  outer  layers  seem  to  peel  off  and  roll  to  form  open  tubes  and 
scrolls  commonly  found  in  association  with  the  halloysite  spheres.  Platy  halloysite 
found  in  some  Texas  soils  exists  in  the  form  of  small,  thin  hexagonal  platelets  sim¬ 
ilar  in  size  to  the  spherical  halloysite. 

Surface  replication,  scanning  electron  microscopy,  high  voltage  transmission  elec¬ 
tron  microscopy  (800  KV),  and  ultra-thin  sectioning  have  been  utilized  in  addition 
to  normal  transmission  electron  microscopy.  Observation  at  800  KV  has  permitted 
the  direct  observation  of  internal  structure  within  the  halloysite  spheres.  The  center 
layers  seem  to  be  less  perfectly  formed  than  the  outer  layers,  sometimes  appear¬ 
ing  to  split  into  fine  fibers.  The  outer  layers  sometimes  appear  to  kink,  giving  an 
external  polyhedral  nature  to  the  spheres. 
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Ultra-thin  sections  (about  600  A  thick)  of  epoxy  embedded  tubular  halloysite, 
cut  in  cross  section,  show  a  striking  similarity  to  the  high  voltage  pictures  of  the 
spherical  halloysite.  The  cross  sections  of  polyhedral  tubes  show  layers  separated 
by  voids,  whereas  cross  sections  of  round  tubes  show  concentric  layers  with  fewer 
separating  voids. 

THE  ENVIRONMENTAL  SIGNIFICANCE  OF  GLAUCONITE  VS.  CHAMO- 
SITE — H.  L.  Jones,  Stephen  F,  Austin  State  University ,  Nacogdoches. 

The  term  “glauconite”  as  usually  applied  is  strictly  a  field  term  applied  to  sand- 
sized  greenish  grains  of  iron-rich  clay  mineral  and  is  not  to  be  misconstrued  to 
represent  the  mineral  species  glauconite.  Unfortunately,  it  is  frequently  used 
with  a  dual  connotation,  both  as  a  morphologic  and  mineralogic  term.  The  utili¬ 
zation  of  the  term  interchangeably  can  lead  to  complications  in  environmental  in¬ 
terpretations.  For  example,  the  mineral  species  chamosite  is  morphologically  indis¬ 
tinguishable  from  glauconite  and  occurs  just  as  extensively  in  sedimentary  rocks, 
but  it  is  chemically  and  structurally  quite  different  and  may  represent  a  different 
mode  of  origin.  Yet  field  geologists  use  “glauconite”  as  a  criterion  for  distinguish¬ 
ing  sedimentary  rocks  of  marine  origin.  Chamosite  genesis  may  occur  in  transitional 
marine  or  possibly  even  in  non-marine  environments. 

Chamosite  and  glauconite  are  layer-lattice  minerals,  differing  in  stacking  arrange¬ 
ments  of  basic  tetrahedral  (Si406(0H)4)  and  octahedral  (Al2(OH)6)  units.  In  these 
minerals  AIT 3  partly  substitutes  for  Si+4  in  the  tetrahedral  sheet  and  Fe+T  or 
FeTT-b  substitutes  extensively  for  A1+3  in  the  octahedral  sheet.  The  unit  cell  of 
glauconite  consists  of  an  octahedral  sheet  sandwiched  between  2  tetrahedral  sheets 
whereas  that  of  chamosite  results  from  the  alternate  stacking  of  tetrahedral  and 
octahedral  sheets. 

Glauconite,  having  one  more  tetrahedral  sheet  than  chamosite,  contains  more 
atoms  of  silica  per  unit-lattice  than  does  chamosite.  On  the  other  hand,  chamosite 
contains  proportionally  more  atoms  of  iron  per  unit-lattice  than  glauconite,  as 
•chemical  analyses  reflect. 

Correlation  between  mineralogies!  associations  and  the  availability  of  iron  and 
silica  in  the  environments  of  deposition  indicate  a  restricted  transitional  marine  or 
non-marine  environment  for  chamosite  in  which  the  concentration  of  iron  is  high, 
the  oxidation-reduction  potential  (Eh)  low,  the  partial  pressure  of  C02  fairly  high, 
and  the  hydrogen  ion  concentration  (pH)  relatively  low.  That  of  glauconite  is  con¬ 
sidered  to  be  a  non -restricted  marine  environment  in  which  the  concentration  of 
iron  is  somewhat  lower  and  the  concentration  of  silica  somewhat  higher  than  that 
for  chamosite.  The  Eh  of  such  an  environment  would  be  fairly  high,  agreeing  with 
the  high  Fe+  +  +/Fe++  in  glauconite. 

.SPOTTED  ZEOLITE  REARING  ROCKS  FROM  STUDY  BUTTE,  TEXAS— H.  C. 
Butler,  University  of  Houston ,  Houston. 

.SIMULATION  OF  THREE-PHASE  MULTI-ELEMENT  FLUID  FLOW  IN  NON- 
UNIFORM  GEOLOGIC  MEDIA  -Gerald  N.  Pitts  and  Barry  L.  Bateman, 
University  of  Southwestern  Louisiana ,  Lafayette ,  and  Paul  B.  Crawford,  Texas 
A&M  University ,  College  Station. 

The  petroleum  industry,  like  most  all  major  indusrties,  has  turned  to  computerized 
simulation  for  use  in  prediction  and  selection  of  new  processes.  The  petroleum 
industry  utilizes  simulation  for  selection  of  new  oil  recovery  methods  indicated  to 
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provide  a  maximum  return  on  their  investment.  The  increasing  oil  consumption  in 
the  United  States  has  provided  a  great  impetus  for  maximizing  oil  recovery.  Many 
previously  depleted  or  abandoned  oil  reservoirs  are  being  reinvestigated  for  means 
of  obtaining  additional  oil. 

One  of  the  most  efficient  methods  for  obtaining  additional  oil  is  to  inject  a  liquid 
or  gas  for  driving  or  pushing  trapped  or  heavy  oil  to  a  nearby  oil  well.  The  well 
positions,  the  geologic  characteristics  of  the  underground  media  as  well  as  the  fluid 
or  gas  characteristics  have  an  effect  upon  the  efficiency  of  the  secondary  oil  recovery 
method. 

A  numerical  simulation  model  was  developed  for  studying  the  effects  of  element 
injection  upon  fluid  flow  behavior  in  non-uniform  underground  reservoirs.  This 
model  gives  the  reservoir  engineer  a  better  tool  for  making  a  decision  upon  the 
efficiency  of  a  particular  well  location  pattern,  the  feasibility  of  secondary  recovery 
for  a  particular  geologic  makeup,  and  efficiency  of  a  particular  fluid  to  be  used  for 
the  injection  phase. 

SEPIOLITE  AND  ATTAPULGITE  ON  THE  SOUTHERN  HIGH  PLAINS— 
S.  A.  McLean,  University  of  Texas  at  Austin ,  Austin. 

VOLCANIC  ASH  MORPHOLOGY — G.  Heiken,  National  Aeronautics  and  Space 
Administration,  Houston. 

STRUCTURAL  AND  METAMORPHIC  HISTORY  OF  A  ROOF  PENDANT  IN 
THE  FOOTHILLS  OF  THE  SIERRA  NEVADA  MOUNTAINS,  CALI¬ 
FORNIA — L.  R.  Russell,  Texas  Tech  University,  Lubbock. 

UTILIZATION  OF  THE  ION  EXCHANGE  SOIL  DATING  METHOD— T.  P. 

Yorks,  Texas  A&M  University,  College  Station. 

Soil  platelets  have  a  charge  unbalance,  which  is  compensated  for  by  the  adsorption 
of  cations.  The  passage  of  water  through  the  soil  causes  equilibrium  situations  to  be 
set  up,  the  direction  of  which  will  be  determined  by  the  relative  affinities  of  cations 
for  the  soil.  Changes  in  cation  balance  can  be  quantitatively  related  to  the  amount 
of  water  which  has  passed  through  the  soil.  J.  A.  Schufle  has  used  the  soil-water- 
cation  relationships  to  date  recent  arid  zone  sediments  and  to  determine  the  amount 
of  rainwater  actually  percolating  through  the  soil.  It  is  postulated  that  the  concept 
may  be  extended  to  various  porous  media  for  archaeological  dating,  and  that  the 
changes  in  cationic  balance  may  have  importance  in  subsequent  soil  and  rock 
structuring. 

THE  CHARACTER  AND  ORIGIN  OF  CRISTORALITE  IN  BENTONITES— 

E.  C.  Jonas,  University  of  Texas  at  Austin,  Austin. 

THE  CASTOR  FARM  METEORITE,  A  NEW  HYPERS THENE  CHONDRITE— 
B.  M.  Carlson,  University  of  Houston,  Houston. 

Saturday  Morning,  March  1 1 
Meteorology  II 

RELATIONSHIPS  BETWEEN  CAT  AND  SYNOPTIC  METEOROLOGICAL 
PARAMETERS  IN  THE  STRATOSPHERE— J.  R.  Scoggins,  Texas  A&M 
University,  College  Station. 
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HYDROSTATIC  PRESSURE  CHANGES  IN  A  MODEL  CUMULUS— Phanin- 

dramohan  Das,  Texas  A&M  University ,  College  Station. 

MOMENTUM  FLUXES  DETERMINED  FROM  TIME  AND  SPACE  STRUC¬ 
TURE  FUNCTIONS — J.  D.  Cain,  Texas  A&M  University ,  College  Station. 

THE  LOCAL  ACOUSTIC  ENVIRONMENT  OF  A  GULF  STREAM  CYCLONIC 
RING — G.  Owens,  Texas  A&M  University,  College  Station. 

CONSTRUCTION  DAMAGE:  WEATHER  CAUSED  OR  EQUIPMENT  FAILURE 
— J.  W.  Lightfoot,  Texas  A&M  University,  College  Station. 

RADIOCARBON  IN  THE  GULF  OF  MEXICO— T.  D.  Mathews,  A.  D.  Fredricks 
and  W.  M.  Sackett,  Texas  A&M  University,  College  Station. 

PRIMARY  PRODUCTIVITY  INVESTIGATIONS  IN  THE  ROSS  SEA  DURING 
THE  AUSTRAL  SUMMER — R.  Fay,  Texas  A&M  University,  College  Station. 

THE  FREQUENCY  DEPENDENCE  OF  ACOUSTICAL  ENERGY  SCATTERING 
BY  THE  SEA’S  SURFACE— D.  N.  Clark  and  J.  W.  Caruthers,  Texas  A&M 
University,  College  Station. 


SECTION  IV— BIOLOGICAL  SCIENCES 
Friday  Morning 
Division  A 

TARDIGRADA  OF  TEXAS — J.  L.  McGraw,  Jr.,  Lamar  University,  Beaumont. 

THE  OCCURRENCE  AND  DISTRIBUTION  OF  HYDROIDS  IN  THE  GAL¬ 
VESTON  BAY,  TEXAS  AREA — R.  Defenbaugh,  Texas  A&M  University, 

College  Station. 

Study  materials  were  collected  at  approximately  monthly  intervals,  from  June 
1968  to  September  1969,  in  the  Galveston  Bay  area.  Collecting  locations  included 
the  front  beaches  of  Galveston  Island  and  Bolivar  Peninsula,  East  Bay,  West  Bay, 
San  Luis  Pass,  Lower  Galveston  Bay,  and  East  Lagoon.  Nearshore  dredge  samples 
collected  by  other  workers  were  also  examined.  Specimens  were  narcotized  with 
magnesium  sulfate,  preserved  in  4%  formalin,  and  stored  in  70%  ethanol.  Salinities, 
temperatures,  and  offshore  depths  were  recorded.  Specimens  were  examined  and 
tentatively  identified.  Verifications  and  corrections  were  made  by  Miss  Joann 
Allwein,  of  the  Zoology  Department,  North  Carolina  State  Universtiy. 

Only  29  species  are  represented  in  the  210  collections  examined.  Nine  are  new  to 
the  Texas  coast  (*),  one  is  new  for  the  Gulf  of  Mexico  (**),  and  one  is  new  for  the 
Atlantic  coast  (***).  Three  species  are  believed  to  be  new. 

Three  hydroid  “faunas”,  based  on  substrate,  are  recognized.  The  “typical  hydroid 
fauna”  consists  of  species  occurring  on  any  suitable  substrate  (pilings,  rocks,  sub¬ 
merged  debris,  etc.)  and  includes  Bimeria  franciscana,  Bougainvillia  inaequalis, 
*Eudendrium  exiguum,  *E.  eximium,  Stylactis  n.  sp.,  Ectopleura  grandis,  Tubularai 
crocea,  Clytia  coronata,  C.  cylindrica,  ***C.  longitheca,  Gonothyraea  gracilis,  Obelia 
bicuspidata,  O.  dichotoma,  *Lovenella  grandis,  and  *Halecium  bermudense.  The 
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“sargassum  fauna5’  includes  species  commonly  or  exclusively  occurring  on  floating 
sargassum  weed:  Zanclea  costata,  *Perigonimus  jonesi  Clytia  coronata,  C.  cylindrical 
*C.  johnstoni,  C.  noliformis,  Gonothyraea  gracilis ,  Ohelia  bicuspidata,  O.  dichotoma, 
O.  geniculata,  *Sertularia  mayeri,  *Plumularia  floridana,  and  Aglaophenia  late - 
carinata.  The  “invertebrate  epifauna”  includes  species  common  on  other  invertebrates 
(e.g.,  other  hydroids,  worm  tubes,  bivalves,  gastropods,  barnacles,  hermit  crabs, 
swimming  crabs,  etc.):  Bougainvillia  inaequalis  **Perigonimus  repens ,  Hydractinia 
echinata,  Podocoryne  carnea,  Clytia  coronata ,  C.  cylindrica,  Gonothyraea  gracilis, 
Obelia  bicuspidata,  O.  dichotoma,  Lovenella  n.  sp.,  *L.  gracilis,  and  Campalecium 
n.  sp.  The  monthly  occurrence,  distribution  in  the  Galveston  Bay  area,  and  literature 
reports  of  each  species  are  mentioned. 

The  relative  paucity  of  hydroids  in  the  Galveston  Bay  area  (when  compared  to 
other  areas  which  have  been  well  studied)  is  attributed  to  lack  of  previous  collecting 
effort,  intolerance  to  widely  fluctuating  salinity  and  temperature  conditions  common 
in  shallow  Texas  bays,  and  failure  to  repopulate  following  Pleistocene  decimation. 
A  comparison  with  species  reported  from  the  southern  Atlantic  coast  and  in  the 
Caribbean  indicates  affinities  with  both  regions,  but  slightly  closer  to  the  former. 
Limitations  of  the  study  include  limited  collecting  effort  and  limited  availability  of 
offshore  samples.  Samples  from  other  areas  in  the  Gulf  of  Mexico  are  solicited,  for 
inclusion  in  a  later  study. 

EFFECTS  OF  ESTIVATION  UREA  BIOSYNTHESIS  IN  A  TERRESTRIAL 
PULMONATE — F.  R.  Horne,  Southwest  Texas  State  University,  San  Marcos 

STATUS  OF  THE  ROVER  SHRIMP  MACROBRACHIUM  CARCINUS  IN  THE 
SAN  MARCOS  RIVER — C.  E.  Findeisen  and  F.  Horne,  Southwest  Texas  State 
University,  San  Marcos. 

UTILIZATION  OF  FOOD  STUFFS  BY  A  LAND  SNAIL  DURING  ESTIVA¬ 
TION — L.  Barker  and  F.  Home,  Southwest  Texas  State  University,  San  Mar¬ 
cos. 

EFFECTS  OF  ABSCISIC  ACID  ON  THE  ROOT  OF  LEMNA  MINOR — R.  J. 
Newton,  Texas  A<&M  University ,  College  Station. 

Abscisic  acid,  a  plant  hormone  known  to  induce  or  prolong  dormancy  in  shoots 
and  tubers,  was  applied  to  the  common  duckweed,  Lemna  minor.  Repression  anal¬ 
yses  root  length  versus  time  yielded  2  equations:  one  before  application  of  the  hor¬ 
mone,  and  one  after  application  .The  simultaneous  solution  of  the  2  equations  for  a 
time  (t),  resulted  in  a  calculated,  1-hr  lag-time  of  the  growth  response.  Two  parts 
per  million  of  abscisic  acid  caused  a  60%  deceleration  in  the  growth  rate,  and  it  was 
shown  that  the  rates  of  both  cell  division  and  cell  expansion  were  equally  inhibited 
by  60% .  It  was  concluded  that  the  abscisic  acid  induced  a  state  of  dormancy  into  the 
root  so  that  the  fundamental  growth  processes,  i.e.  division  and  expansion,  were 
functioning  at  40%  capacity. 

TWO  WAY  SELECTION  FOR  RECOMBINATION  RATES  IN  TRIBOLIUM 
CAST ANEUM — A.  A.  Dewees,  Sam  Houston  State  University,  Huntsville. 

AIR  BORNE  PROTOZOA  {BODO  SP.):  AXENIC  CULTIVATION,  ELECTRON 
MICROSCOPE  OBSERVATION,  AND  BIOCHEMICAL  ACTIVITIES— G.  V. 
Virgil  and  G.  H.  Meyer,  Southwest  Texas  State  University,  San  Marcos. 
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STUDIES  ON  CERTAIN  NEOTENIC  EURYCEA  IN  THE  BLANCO  RIVER 
DRAINAGE  SYSTEM  ON  THE  EDWARD’S  PLATEAU — A.  L.  Hamilton, 
Southwest  Texas  State  University ,  San  Marcos. 

MORPHOLOGICAL  VARIATION  IN  A  POPULATION  OF  SISTRURUS  M1L- 
1AR1US  STRECKER1  GLOYD — T.  A.  Andrews,  Jr.,  Stephen  F.  Austin  State 
University ,  Nacogdoches. 

LARVAL  TREMATODIES  OF  MARINE  GASTROPODS  FROM  GALVESTON 
ISLAND,  TEXAS — R.  A.  Epstein,  Texas  A&M  University ,  College  Station . 

A  total  of  3957  gastropods  of  20  species  including  16  genera  were  collected  from 
13  locations  in  the  vicinity  of  Galveston,  Texas  from  October  1870  to  March  1972. 
Larval  trematodes  of  15  species  were  found  from  8  species  of  gastropods.  They  in¬ 
cluded:  one  ubiquita  cercaria  from  Littorina  irrorata;  3  magalurous  cercaiiae  from 
Littorina  irrorata ;  3  megalurous  cercaiiae,  2  from  L.  irrorata  and  1  from  Cerithidea 
pliculosa;  2  araiate  cercaiiae,  one  from  each  of  L.  irrorata  and  C.  pliculosa ;  a  mega- 
perid  cercaria  from  Crepidula  plana ;  a  brevi-furcate  apharyngeate  cercaria  from 
C.  pliculosa ;  2  echino-stome  cercaiiae,  one  from  each  of  Thais  haemastoma  and 
Nassarius  vihex ;  a  magnacercous  cercaria  from  C.  pliculosa;  a  trichocercous  cer¬ 
caria  from  Anachis  avara, ;  and  2  species  of  unknown  family  or  cercarial  type  from 
each  of  Melampus  bidentatus  and  Polinices  duplicata. 

Friday  Morning 
Division  B 

NITROGEN  ACCRETION  ON  A  LACUSTRINE  PLAIN— K.  Davis,  North  Texas 
State  University,  Denton . 

POPULATION  STUDIES  OF  CELTIS  LAEVIGATA  IN  DENTON  COUNTY, 
TEXAS — M.  Atebara,  North  Texas  State  University ,  Denton. 

BIO-CHEMICAL  CHANGES  DURING  GERMINATION  AND  DEVELOPMENT 
OF  SOYBEAN  SEEDS  IN  PROTEIN,  CARBOHYDRATES,  AND  FATS— 
A.  C.  Joshi,  B.  K.  Chopra  and  L.  C.  Collins,  Prairie  View  A&M  College,  Prairie 
View. 

A  study  of  the  conversion  of  fat  into  carbohydrates  during  germination  and  of 
the  conversion  of  carbohydrates  into  fat  during  the  ripening  period  of  seeds  has  been 
the  subject  of  many  investigations,  but  no  definite  theory  prevails  to  account  for 
changes  taking  place  during  germination  and  development  of  seeds.  Previous  inves¬ 
tigations  have  attempted  to  find  out  some  of  the  chemical  changes  occurring  during 
germination  and  development  of  soybean  ( Glycine  max). 

For  germination  studies,  soybean  seeds  (Lee  variety)  were  germinated  under 
dark  laboratory  conditions  and  total  changes  of  protein,  oil,  and  carbohydrates  were 
studied  at  regular  intervals  of  2,  4,  6,  9,  and  12  days.  It  was  noticed  that  there  was 
slight  but  continuous  decrease  in  the  percentage  of  reducing  and  non-reducing  sug¬ 
ars,  but  the  change  in  protein  was  not  consistent.  An  increase  in  the  amount  of 
sugar  indicates  that  it  had  its  origin  in  the  oily  reserves.  A  related  problem  of 
changes  in  the  composition  of  developing  soybean  seeds  was  also  studied.  Lee  va¬ 
riety  soybeans  were  sown  in  the  field  and  changes  in  the  seed  were  studied  from 
one  week  after  flowering  up  to  fully  matured  seeds  in  the  pods.  It  was  found  that 
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there  was  a  significant  continuous  increase  in  the  total  percent  of  oil  from  1.05  to 
21.55.  Reducing  and  non-reducing  sugars  were  also  increased  but  there  was  very 
little  increase  in  total  protein  content. 

It  is  now  of  special  interest  to  analyze  further  changes  that  are  going  in  fatty 
acids  during  maturation  of  seed  and  work  in  this  direction  is  in  progress. 

EFFECT  OF  TRACE  ELEMENTS  ON  THE  GROWTH  OF  ASPERIG1LLUS 
NIGER  AND  ASPERIGILLUS  FLAVUS—F.  E.  Simmons,  B.  K.  Chopra,  and 
L.  C.  Collins,  Prairie  View  A&M  College,  Prairie  View. 

ISOLATION  AND  CHARACTERIZATION,  AND  BIOCHEMICAL  ACTIVITIES 
OF  AN  ANTARCTIC  NITROGEN  FIXING  BACTERIUM— D.  A.  Kunz  and 

G.  H.  Meyer,  Southwest  Texas  State  University ,  San  Marcos. 

ISOLATION  AND  CHARACTERIZATION  OF  SOIL  HYDROCARBONS  UTI¬ 
LIZING  MICROORGANISMS— R.  A.  Meckel  and  G.  H.  Meyer,  Southwest 
Texas  State  University,  San  Marcos. 

MORPHOLOGY  AND  PHYSIOLOGY  OF  SELECTED  SPECIES  OF  THE  LIVER¬ 
WORT  FAMILY  RICCIACEAE — C.  M.  Woodfin  and  H.  C.  Bold,  University 
of  Texas  at  Austin,  Austin. 

Monthly  trips  to  a  site  near  Bastrop,  Texas,  have  been  made  during  the  past  2 
years,  as  have  trips  to  other  stations  in  Central  Texas.  As  a  result,  16  of  the  20 
species  of  Riccia  previously  reported  to  grow  in  Texas  are  now  in  culture  in  the 
laboratory.  Several  species  established  in  axenic  culture  have  been  studied  physio¬ 
logically.  These  investigations  included  experiments  on  light  quality  and  photo¬ 
period,  pH,  availability  of  nitrogen  from  various  sources,  effects  of  reduced  con¬ 
centration  of  nitrogen,  and  utilization  of  supplementary  sources  of  carbon.  The  sev¬ 
eral  species  of  Riccia  differed  in  their  responses  to  these  physiological  factors. 

THE  EFFECTS  OF  S02  ON  THE  CHLOROPLAST— O.  W.  Van  Auken,  Southwest 
Research  Institute,  San  Antonio. 

ECOLOGY  AND  PLANNING — J.  R.  Singer  and  R.  Flowers,  Stephen  F.  Austin 
State  University,  Nacogdoches. 

GAMETIC  UNION  IN  CARTERIA  EUGAMETOS  MITRA,  1949— B.  Van  Dover, 

Stephen  F.  Austin  State  University,  Nacogdoches. 

Friday  Morning 
Division  C 

UNDERWATER  HABITAT  BASIC  STUDIES  INTO  ACOUSTIC  BEHAVIOR  I 
OF  ROOF  FISHES — T.  Bright  and  J.  Sartori,  Texas  A&M  University ,  Col-  \ 
lege  Station,  Texas. 

BOUNDARIES  OF  STABILITY:  ITS  PLACE  IN  ENVIRONMENTAL  PLAN¬ 
NING — J.  R.  Singer  and  J.  R.  Farson,  Stephen  F.  Austin  University,  Nacog¬ 
doches. 
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A  DECISION  LOGIC  TECHNIQUE  FOR  LAND  CLEARANCE  OF  SMALL 
MUNICIPAL  RESERVOIR  SITES— J.  R.  Singer  and  J.  F.  Becker,  Stephen 
F.  Austin  State  University ,  Nacogdoches. 

PREPARATION  AND  BIOLOGICAL  EVALUATION  OF  DEOXYRIBONU¬ 
CLEIC  ACID  FROM  AVIAN  ERYTHROCYTES— R.  C.  Fanguy,  Texas  ATM 
University,  College  Station . 

Three  basic  methods  of  DNA  preparation  have  been  evaluated  based  on  tech¬ 
niques  of  separating  the  DNA-nucleoprotein  complex.  Methodology  included:  (1) 
strong  salt  concentrations  with  chloroform-isoamyl  alcohol,  (2)  strong  salt  with 
sodium  laurel  sulfate,  and  (3)  sodium  laurel  sulfate  with  specific  proteolytic  en¬ 
zymes.  Criteria  for  preparation  evaluation  were:  (1)  time  and  complexity,  (2) 
DNA  yield,  (3)  molecular  weight  values,  and  (4)  biological  activity  in  vivo  and 
also  in  vitro  cellular  uptake.  Yields  by  different  methods  ranged  from  6  mg  to  18 
mg  BNA/ml  packed  erythrocytes.  Molecular  weights  ranged  from  4x10°  to 
12  X  106  while  time  of  preparation  ranged  from  12  hours  to  56  hours. 

ANTIGONADOTROPHIC  EFFECTS  OF  A  MELATONIN  FREE  BOVINE  PIN¬ 
EAL  EXTRACT  IN  RATS — R.  J.  Ortis,  M.  L.  Smith,  and  B.  Benson,  Univer¬ 
sity  of  T exas  Medical  Branch ,  Galveston. 

Antigonadotrophic  effects  of  bovine  pineal  extracts  were  tested  in  unilaterally 
ovarieetomized  (UO)  rats  by  determining  the  amount  of  compensatory  ovarian 
hypertrophy  (COH)  after  administration  of  these  extracts.  Extracts  were  injected 
on  days  0,  3,  and  6  (day  of  UO  =  day  O)  with  autopsy  on  day  9.  The  amount  of 
COH  was  expressed  as  percentage  increase  of  weight  of  the  remaining  ovary  over 
the  initially  removed  ovary. 

Commercial  bovine  pineal  powder  was  extracted  with  H20  for  24  hrs  and  injected 
as  50  mg  eq.  or  75  mg  eq.  dosages  (extract  from  50  or  75  mg  powder)  resulting  in 
partial  blockage  of  mean  COH  when  compared  to  that  of  H20-injected  controls  (50 
mg  eq.,  27.7%;  75  mg  eq,  25.5'%;  H20,  55.5%). 

Another  24  hr  aqueous  extract  of  commercial  pineal  powder  was  ultrafiltered 
through  Diaflo  membranes.  The  <  MW  1000  fraction  was  injected  in  75  mg  eq. 
dosages  and  significantly  reduced  mean  COH  (16.5%  vs  55.5%;  P  <  .01). 

In  a  3rd  experiment  fractions  <'  MW  1000  from  either  acetone  defatted  bovine 
pineals  or  commercial  powder  were  gel-filtered  on  Sepbadex  G-25.  The  F-2  frac¬ 
tion  (148-212  ml)  was  collected  and  injected  in  100  mg  eq.  dosages.  The  extract 
from  fresh  glands  produced  significant  blockage  of  mean  COH  when  compared  to 
H2Q-injected  controls  (18.1%  vs  51/73'%;  P  <  .02)  while  the  commercial  powder 
extract  did  not  (27.2%).  Ovaries  which  were  serially  sectioned  from  these  animals 
provided  morphological  evidence  that  corpora  lutea  of  treated  animals  were  un¬ 
dergoing  luteolysis. 

It  is  concluded  that  a  non-melatonin  pineal  substance  exhibits  antigonodotropic 
properties  through  its  ability  to  partially  inhibit  COH  and  cause  luteolysis  in  rats. 

OVULATION  AND  THE  PINEAL  GLAND— M.  L.  Smith,  R.  J.  Orts,  B.  Benson, 
and  M.  J.  Matthews,  The  University  of  Texas  Medical  Branch ,  Galveston. 

The  pineal  gland,  antigonadotrophic  in  nature,  has  been  reported  to  be  capable 
of  influencing  the  estrous  cycle  of  the ‘rat.  This  study,  utilizing  a  melatonin  free 
pineal  extract,  represents  an  attempt  to  elucidate  the  pineal  gland’s  interaction  with 
ovulation.  In  the  first  group  of  experiments,  immature  female  Sprague  Dawley 
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rats  (28  or  32  days  of  age)  were  induced  to  ovulate  by  a  single  injection  of  preg¬ 
nant  mare’s  serum  (15  IU).  In  the  initial  experiment  injections  of  an  aqueous  ex¬ 
tract  of  commercial  bovine  pineal  powder,  after  ultrafiltration  (MW  <  1000)  and 
gel  filtration  (Sephadex  G-25),  did  not  reduce  the  number  of  ova  by  the  simulated 
ovaries  but  did  significantly  reduce  mean  ovarian  weight  as  compared  to  saline  in¬ 
jected  controls.  These  same  results  were  observed  in  subsequent  experiments  em¬ 
ploying  either  a  saline  homogenate  of  fresh  rat  pineal  glands  or  an  ultrafiltered  and 
gel  filtered  aqueous  extract  of  acetone  defatted  fresh  bovine  pineal  glands.  This 
latter  extract,  when  injected  once  daily  into  normally  cycling  hamsters  for  2 
weeks,  tended  to  disrupt  their  cycling  estrous  discharges.  These  hamsters,  sacrificed 
at  diestrous,  had  significantly  enlarged  uteri  as  compared  to  saline  controls,  sug¬ 
gesting  either  an  increase  in  estrogen  or  a  decrease  in  progesterone.  An  isobutanol 
extract  (Benson,  et  al ,  1971,  Life  Sciences ,  10:  607)  of  fresh  bovine  pineal  glands 
was  injected  once  daily  for  5  days  into  adult  Sprague  Dawley  female  rats  previously 
determined  to  have  regular  4  day  estrous  cycles.  Estrous,  as  determined  by  vaginal 
smears  and  the  presence  of  ova,  was  delayed  in  36%  of  the  rats  in  the  experimental 
group  (saline  controls  —  0% ) .  Histological  examination  of  the  ovaries  from  the 
hamsters  and  the  immature  rats  revealed  an  atrophic  appearance  of  the  corpora  lutea 
in  the  experimental  groups.  This  observation,  coupled  with  the  possibility  of  de¬ 
creased  progesterone  levels  in  the  experimental  groups,  is  suggestive  of  an  inhibi¬ 
tory  effect  upon  luteinizing  hormone  by  the  pineal  gland  extract.  As  the  pineal 
gland  seems  to  be  capable  of  affecting  the  temporal  aspects  of  ovulation,  it  is  sug¬ 
gested  that  this  interaction  occurs  in  late  diestrous  during  the  initiation  of  mechan¬ 
isms  which  ultimately  result  in  ovulation  rather  than  at  proestrous  during  the 
immoderate  surges  of  gonadotrophins. 

Friday  Afternoon,  March  10 
Division  A 

ISOLATION  AND  CHARACTERIZATION  OF  BASIC  PROTEINS  (HISTONES) 
FROM  SUBCELLULAR  FRACTIONS  OF  HEART  MUSCLES— M.  Hillar 
and  A.  Schwartz,  Texas  Southern  University ,  Houston. 

A  new  procedure  for  isolation  and  purification  of  histones  from  subcellular  tissue 
fractions  (nuclei,  cytoplasm,  and  mitochondria)  was  elaborated.  The  procedure  in¬ 
volves  extraction  of  cellular  fraction  with  0.2  m  sulfosalicylic  acid.  Extracted  pro¬ 
teins  are  then  precipitated  from  the  solution  with  tannin  added  in  ratio  tannin  : 
protein — 20  :  1  w/w.  The  formed  tannin-protein  complex  is  subsequently  centri¬ 
fuged  off  and  protein  again  brought  into  solution  by  the  addition  of  caffeine  as  sub¬ 
stance  in  the  ratio  caffeine  :  protein — 3  :  1  w/w.  During  this  step  insoluble  caffine- 
tannin  complex  is  formed  which  is  centrifuged  off.  The  supernatant,  being  the  pro¬ 
tein  solution,  is  saved.  This  protein  solution  is  dialyzed  against  water  to  form  a 
percipitate  of  impurities  which  is  centrifuged  off.  Final  clear  protein  solution  is 
lyophilized  and  dry  protein  is  used  for  further  purification.  This  is  done  by  chro¬ 
matography  of  CMC  column;  an  increasing  concentration  gradient  of  KC1  (from 
0-0.6  m)  in  0.05  m  sodium  acetate  buffer,  pH  4.2,  is  used  for  elution. 

Extracted  proteins  from  cytoplasm,  nuclei,  and  mitochondria  show  one  major  frac¬ 
tion  on  electrophoresis.  After  chromatography  homogenous  fractions,  one  from  each 
subcellular  fraction,  are  obtained.  These  proteins  were  checked  for  RNase  activity 
and  their  amino  acid  composition  was  determined.  Nuclear  protein  is  identifiable 
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on  electrophoresis  and  by  its  amino  acid  composition  with  known  F1  lysine-rich 
histine  fraction.  The  other  2  proteins  are  different  from  all  known  histones. 

The  procedure  presented  is  highly  specific  for  lysine-rich  histone  from  nuclei. 
No  tissue  differences  could  be  observed  for  the  3  isolated  proteins. 

EFFECT  OF  X-IRRADIATION  ON  ADRENAL  TISSUE  LEVELS  IN  RATS— 
J.  M.  Ferguson  and  J.  R.  Lott,  North  Texas  State  University,  Denton . 

REPRODUCTION  ENERGETICS  AND  SEASONAL  LIPID  CYCLES  IN  THE 
LIZARD  CNEMIDOPHORUS  TIGRIS — F.  G.  Gaffney  and  L.  C.  Fitzpatrick, 
North  Texas  State  University ,  Denton. 

GLUTAMATE  DEHYDROGENASES  FROM  HUMAN  PLACENTAL  MITOCH¬ 
ONDRIA.  COMPARATIVE  KINETIC  STUDIES— M.  Hillar,  Texas  South¬ 
ern  University ,  Houston. 

Glutamate  dehydrogenase  is  an  allosteric  regulatory  enzyme  which  is  modified 
by  nucleotides  and  steroids.  Since  placental  tissue  contains  a  large  amount  of  pro¬ 
gesterone  it  was  postulated  that  the  enzyme  from  that  tissue  may  be  modified  and 
its  properties  changed.  In  the  presented  studies  the  enzyme  from  placental  mito¬ 
chondria  was  compared  with  that  from  rat  liver  mitochondria. 

The  crude  enzyme  preparations  were  obtained  from  sonified  mitochondria  ac¬ 
cording  to  the  procedure  of  di  Prisco,  et  al.  (1968,  Biochem.  Biophys.  Res.  Comm., 
33:  606).  The  enzyme  activity  was  measured  in  both  directions  in  Unicam  Sp  800 
spectrophotometer  by  following  decrease  or  increase  in  extinction  of  NADH  or 
NAD,  respectively. 

Optimum  pH  for  both  enzymes  was  found  at  pH  7.6  for  backward  reaction  and 
at  pH  8.0  for  forward  reaction.  Km  values  for  a-oxoglutarate,  NAD,  L-glutamate, 
NH4C1  for  placetal  and  rat  liver  enzyme  were  determined:  0.12;  0.66;  25.0;  5.0 
(mM)  and  0.5;  0.029;  4.7;  25.0  (mM),  respectively.  Lineweaver-Burk  was  biphasic 
for  rat  liver  enzyme  in  the  reaction  with  various  NAD  concentrations.  The  placen¬ 
tal  enzyme  was  inhibited  by  high  concentrations  of  NAD.  Rat  liver  enzyme  was 
greatly  stimulated  in  backward  reaction  by  AMP,  ADP,  ATP;  forward  reaction 
was  stimulated  only  slightly  by  ADP  and  AMP.  GTP  and  progesterone  inhibited 
the  backward  reaction.  ATP,  GTP  and  progesterone  were  inhibitory  for  the  for¬ 
ward  reaction.  Placental  enzyme  was  stimulated  highly  by  AMP  in  the  backward 
reaction  and  only  slightly  in  the  forward  reaction.  ATP,  GTP,  progesterone  were 
inhibitory  for  the  reaction  in  both  directions.  ADP  was  without  effect  upon  the 
backward  reaction  but  exerted  paradoxical  inhibitory  effect  upon  the  forward  re¬ 
action. 

THE  EFFECTS  OF  CERTAIN  ENVIRONMENTAL  AND  HORMONAL  FAC¬ 
TORS  ON  COLOR  CHANGE  OF  RAN  A  PIPIENS — L.  E.  Dear,  Lubbock 
Christian  College ,  Lubbock. 

VENTRICULAR  ACTION  POTENTIALS  AND  EGG’S  IN  SNAKES— H.  S.  Mc¬ 
Donald,  Stephen  F.  Austin  State  University,  Nacogdoches. 


SOME  STUDIES  ON  HEART  ACTION  IN  COLLEGIATE  RUNNERS  DURING 
COMPETITIVE  RACES — J.  R.  Lott,  North  Texas  State  University,  Denton. 


394  THE  TEXAS  JOURNAL  OF  SCIENCE 

SOME  EFFECTS  OF  MICROWAVES  ON  ACTION  POTENTIALS  IN  FROG 
SCIATIC  NERVES — G.  H.  Smith  and  J.  R.  Lott,  North  Texas  State  University , 
Denton. 

ANOMALIES  IN  UNHATCHED  TURTLES— D.  P.  Shepherd,  Southeastern  Lou- 
siana  University ,  Lafayette. 

FAUNA  AND  FLORA  WHICH  LIVE  IN  CLOSE  ASSOCIATION  WITH  VARI¬ 
OUS  SPECIES  OF  TURTLES  IN  SOUTHEAST  LOUISIANA— D.  P.  Shep¬ 
herd,  L.  F.  Baehr,  Jr.,  W.  P.  Bond,  A.  V.  Friedrichs,  Jr.,  Southeastern  Louisiana 
University,  Lafayette. 

AN  INTERSPECIFIC  CROSS  IN  PASSIFERA — E.  R.  Anderson  and  R.  A.  Gerdes, 
Texas  Woman's  University,  Denton. 

Passion  flowers  are  grown  commercially  in  many  tropical  and  subtropical  coun¬ 
tries  for  their  edible  fruits.  Those  grown  commercially  are  Passi flora  edulis  (purple 
passion  fruit),  P.  edulis  from  flavicarpa  (yellow  passion  fruit),  P.  quadrangular  is 
(giant  granadilla),  and  P.  laurifolia  (water  lemon  or  Jamaica  honeysuckle).  Other 
passion  flowers  produce  edible  fruits  but  are  grown  only  for  their  unuseual  and 
beautiful  flowers;  among  these  are  the  tropical  passion  flowers:  P.  mollisima,  P. 
caerulea  and  P.  ligularis.  Another  species,  P.  incarnata ,  a  hardy  native  of  Southeast¬ 
ern  United  States  is  also  grown  for  its  flowers  but  has  edible  fruits.  The  object  of 
this  research  is  to  compare  Passiflora  incarnata  with  P.  edulis  by  determining  the 
phytochemical  properties  of  their  flowers,  leaves  and  fruits;  the  cytogenetic  prop¬ 
erties  of  their  chromosomes  and  pollen  grains,  including  these  same  properties  in 
their  hybrid,  P .  incarnata  X  edulis ;  and  the  homology  of  their  chromosomes  in 
pairing  at  diakinesis  in  the  pollen  mother  cells  of  the  hybrid. 

INDUCTION  OF  BIOCHEMICAL  MUTATIONS  IN  DROSOPHILA  MELANO- 
GASTER — M.  S-P.  Yang,  P.  Holmans,  and  R.  A.  Gerdes,  Texas  Woman’s  Uni¬ 
versity,  Denton. 

The  chemical  mutagen  ethyl  methane  sulfonate  (EMS)  was  used  to  induce  nu¬ 
tritional  mutations  in  Drosophila  melanogaster.  Oregon-R  males  were  treated  by 
adult  feeding,  then  tested  for  sex-linked  recessive  lethals  by  the  Muller-5  procedure. 
Individuals  homozygous  and  hemizygous  for  the  treated  chromosomes  were  isolated 
and  tested  on  both  a  complete  medium  and  a  quantitatively  minimal  medium.  Those 
which  survived  on  the  complete  medium  but  not  on  the  minimal  medium  were 
classified  as  nutritional  mutants  and  retained  in  stock  culture  for  further  study. 

TRACHEARY  ELEMENT  FORMATION  IN  PROSOPIS  (MESQUITE)— W.  E. 
Robnett  and  P.  R.  Morey,  Texas  Tech  University,  Lubbock 
2,3,5-triiodobenzoic  acid  (T1BA)  and  2,4-dichlorophenoxyacetic  acid  (2,4-D) 
strongly  affect  cambial  activity  and/or  wood  formation  in  Prosopis.  The  cellular 
composition  of  seedling  wood  of  erect,  untreated  plants  is  as  follows:  (1)  Wide  ves¬ 
sels  are  present  throughout  the  wood  in  solitary,  paired  and  clustered  arrangements. 
(2)  a  few  narrow  vessels  occur  in  small  clusters.  (3)  Fibers  and  axial  parenchyma 
are  found  separately  in  massive  groups  and  in  tangential  bands.  (4)  Rays  are  un- 
iseriate  or  occasionally  biseriate.  Application  of  T1BA  (2.0%)  in  lanolin  to  the  stem 
causes  the  formation  of  wood  of  uniform  texture  below  the  treatment  site.  Wide 
vessels  are  no  longer  differentiated  from  the  cambial  derivatives.  The  secondary 
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zylern  consists  of  fibers  and  parenchyma  with  a  reduced  number  of  narrow  tra- 
cheary  elements,  the  latter  usually  ranged  in  small  clusters.  Diameter  growth  of 
vessels  in  most  ring  porous  trees  is  controlled  by  auxin  with  the  widest  vessels 
forming  in  response  to  high  auxin  levels.  The  development  of  narrow  tracheary 
elements  in  Prosopis  as  a  result  of  treatment  with  the  auxin  antagonist,  T1BA  is 
explained  as  a  response  to  a  lower  auxin  level.  Wide  vessels  are  also  absent  in  seed¬ 
lings  treated  with  the  auxin,  2,4-D  (2.0%).  However  here  there  are  numerous 
clusters  of  narrow  tracheary  elements  found  in  place  of  vessels.  Although  the 
diameter  of  individual  tracheary  elements  is  lessened  in  2,4-D  treated  plants,  the 
percentage  volume  of  these  cells  is  high  because  of  their  increased  number.  These 
observations  suggest  that  auxin  level  governs  the  development  of  tracheary  elements 
in  Prosopis  with  high  concentrations  promoting  the  differentiation  of  this  type  of 
xylem  element. 

CRITICAL  NITRATE  LEVELS  FOR  THE  GROWTH  OF  RICE  PLANTS  SUP¬ 
PLIED  WITH  Ca(N03)2,  (NH4)2S04,  OR  NH4N03 — B.  M.  Machia  and  A. 
Ulrich,  St.  Mary's  University,  San  Antonio . 

EFFECTS  OF  ETHYLENE  ON  SUNFLOWERS,  ALASKAN  PEAS,  AND  SENSI¬ 
TIVE  PLANT — T.  L.  Woltman,  Lubbock  Christian  College,  Lubbock. 

THE  EFFECTS  OF  CENTRIFUGATION  AND  HYDROSTATIC  PRESSURE 
ON  AVENA  GERMINATION  AND  SEEDLING  DEVELOPMENT— M. 
Wiley  and  W.  E.  Norris,  Jr.,  Southwest  Texas  State  University,  San  Marcos. 

Centrifugation  of  dry  oat  seeds  has  no  effect  on  subsequent  germination  and 
seedling  growth;  however,  when  the  seeds  are  centrifuged  submerged  in  water 
inhibition  results.  Within  limits,  inhibition  of  seedling  growth  increases  (1)  with 
increase  in  the  length  of  soaking  time  in  water  prior  to  centrifugation,  (2)  with 
increased  duration  of  centrifugation,  (3)  with  increase  in  relative  centrifugal  forces 
up  to  20,000  X  g.  The  inhibition  of  germination  caused  by  centrifugation  is  less 
consistent. 

The  application  of  direct  hydrostatic  pressure  to  oat  seeds  in  a  pressure  chamber 
reveals  strikingly  similar  inhibition  of  seedling  development. 

Apparently  the  effect  of  centrifugation  on  Avena  seeds  is  directly  related  to  water 
content  of  the  seed  and  to  the  hydrostatic  pressure  produced  by  centrifugal  force  on 
the  water  column  covering  the  seeds. 

EFFECTS  OF  GASES  ON  TRANSFORMING  DNA  OF  BACILLUS  SUBTILIS— 
H.  Oujesky  and  L.  Job,  Texas  Woman’s  University,  Denton. 

Considerable  interest  is  currently  being  expressed  concerning  biological  effects  of 
gaseous  pollutants  of  the  atmosphere.  Investigations  were  conducted  to  determine 
possible  genetic  effects  of  7  gaseous  treatments.  The  gases  used  to  determine 
possible  alterations  in  the  transforming  ability  of  transforming  DNA  of  Bacillus 
subtilis  746  were:  5  gaseous  pollutants  (nitrous  oxide,  nitric  oxide,  nitrogen  dioxide, 
nitrogen  trioxide,  and  sulfur  dioxide)  and  2  other  gases  (carbon  dioxide  and  the 
fluorinated  hydrocarbon  Freon-12). 

Gaseous  treatments  of  transforming  DNA  with  nitric  oxide,  nitrogen  dioxide, 
nitrogen  trioxide,  and  sulfur  dioxide  resulted  in  decreases  of  transforming  ability 
greater  than  90%.  Gaseous  treatments  with  carbon  dioxide  resulted  in  a  20%  reduc¬ 
tion  in  transforming  activity.  These  effects  were  largely  attributed  to  low  resultant 
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pH.  Reduction  in  transforming  ability  of  DNA  due  to  exposure  to  low  pH  is  thought 
to  have  resulted  from  depurination,  backbone  breakage,  strand  separation,  or  cross- 
linking. 

The  81%  reduction  in  transforming  ability  of  DNA  exposed  to  Freon-12,  was 
thought  to  be  due  to  some  unidentified  factors.  No  change  in  transforming  ability 
of  DNA  occurred  when  the  transforming  DNA  was  exposed  to  nitrous  oxide. 

A  PRELIMINARY  STUDY  OF  DYNAMIC  VERSUS  STATIC  VISUAL  FIELD 
MAPPING — H.  H.  Ziller  and  S.  R.  Hunt,  Southeastern  Louisiana  University, 
Lafayette. 

POULTRY,  AN  EFFICIENT  CONVERTER  OF  FEED  TO  FOOD— J.  H.  Quisen- 
berry,  Texas  A&M  University,  College  Station. 

DISPERSAL  AND  COLONIZATION  OF  NEW  FEATHERS  BY  THE  QUILL 
MITE  ( S URINGOPHILOID US  MINOR )  INFESTING  THE  HOUSE  SPAR¬ 
ROW — S.  D.  Castro,  Texas  Tech  University,  Lubbock. 

RANGE  EXTENSIONS  OF  SEVERAL  SPECIES  OF  EAST  TEXAS  FISHES — 
D.  D.  Hall  and  E.  O.  Wiley,  Sam  Houston  State  University,  Huntsville. 

Range  extensions  for  10  teleost  fish  species  and  one  crustacean,  the  blue  crab, 
Callinectes  sapidus,  are  noted.  Euryhaline  fishes  of  the  Gulf  Coastal  Plain  were  the 
most  common  transgressors  into  freshwater  with  5  of  the  1 0  species  normally  being 
considered  brackish  water  or  marine  forms.  These  included:  bayou  killifish,  Fundulus 
pulvereus ;  sailfin  molly,  Poecilia  latipinna ;  striped  mullet,  Mugil  cephalus;  tide 
water  silverside,  Menidia  beryllina;  and  flounder  (species  unknown — based  on  per¬ 
sonal  communication  and  newspaper  photograph).  The  silverband  shiner,  Notropis 
shumardi ,  was  also  collected  at  Lake  Livingstone  Dam  in  the  Trinity  River.  Lake 
Livingston  Dam,  on  river  mile  128  of  the  Trinity  River,  forms  an  effective  barrier 
to  upstream  migration  of  the  6  fish  species  (and  the  blue  crab)  noted  above. 

The  following  fish  species  were  collected  from  various  drainage  systems  in  east 
and  southeast  Texas:  Rio  Grande  perch,  Cichlasoma  cyanoguttatum;  redbreast  sun- 
fish,  Lepomis  auritus;  Sabine  or  longnose  shiner,  Notropis  sabinae ;  and  an  undes¬ 
cribed  Fundulus  spp.,  apparently  related  to  the  starhead  topminnow,  Fundulus  notti. 

THE  TAXONOMIC  POSITION  OF  SOUTHWESTERN  POPULATIONS  OF  THE 
FUNDULUS  NOTTI  COMPLEX  (PISCES,  CYPRINODONTIDAE)— E.  O. 
Wiley  and  D.  D.  Hall,  Sam  Houston  State  University,  Huntsville. 

Populations  of  the  Fundulus  notti  (Agassiz)  complex  are  distributed  along  the 
coastal  plain  from  Virginia  to  Texas  and  north  along  the  Mississippi  drainage  to 
Michigan.  Three  subspecies  are  currently  recognized  and  one  (F.  n.  lineolatus )  was  ; 
given  full  species  rank  by  Rivas  in  1966.  Populations  from  western  Louisiana,  j 
eastern  Texas,  and  southeastern  Oklahoma  have  not  been  studied  previously. 

The  variation  of  20  morphological  and  meristic  characters  of  the  southwestern  i 
populations  are  currently  being  studied.  Two  distinct  forms  have  been  found.  Both  ! 
differ  significantly  from  described  forms  of  F.  notti  in  several  characters  including 
subocular  bar  development,  absence  of  vertical  bars  in  males,  body  color  patterns,  j, 
anal  ray  count,  and  lateral  line  scale  count.  Forms  from  northeastern  Texas  and 
adjacent  parts  of  Oklahoma  and  Louisiana  differ  from  east  Texas  forms  in  color 
pattern,  size  of  the  anal  fin  in  males,  and  number  of  anal  rays.  These  forms  are  ! 
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found  in  the  Red  River  and  Little  River  drainage  systems  of  Oklahoma  and  Strikers 
Lake,  Texas.  The  east  Texas  forms  are  distributed  from  the  Calcasieu  River,  Louisi¬ 
ana,  west  to  the  middle  Brazos  drainage  and  northward  following  the  Sabine  River 
drainage.  A  possible  zone  of  contact  between  these  forms  in  Vernon  Parish,  Louisi¬ 
ana  is  being  investigated.  To  this  date,  no  contact  zone  has  been  found  between 
these  2  forms  and  populations  of  F.  notti  to  the  east.  The  distribution  patterns  of 
the  southeastern  and  southwestern  forms  in  Louisiana  as  well  as  more  data  on  these 
populations  will  have  to  be  obtained  before  these  forms  can  be  described  taxonomi- 
cally. 

ENDOPARASITES  OF  THREE  TEXAS  MARINE  FISH— F.  E.  Hunter  and  L. 
McGraw,  Jr.,  Lamar  University,  Beaumont. 

THE  EFFECTS  OF  A  SELECTED  GROUP  OF  GASES  ON  DNA  POLYMERASE 
IN  VITRO — H.  Oujesky,  Texas  Woman’s  University,  Denton. 

In  vitro  effects  of  13  gases  on  DNA  polymerase  were  investigated.  Suspension  of 
DNA  polymerase  were  subjected  to  a  10  min  gas  treatment  and  a  subsequent  24  hr 
exposure  to  the  atmosphere  of  the  following  gases:  argon,  oxygen,  nitrogen,  carbon 
dioxide,  carbonyl  sulfide,  sulfur  dioxide,  1-butene,  nitrous  oxide,  Freon- 14  (carbon 
tetrafluoride) ,  Freon-C-318  (octafluorocyclobutene),  perfluoro-2-butene,  Genetron-23 
(fluoroform),  and  Genetron-152A  (1-1  -difluoroethane ) . 

The  DNA-primed  assay  procedure  was  employed  for  determining  the  activity  of 
the  treated  DNA  polymerase  preparation.  It  was  found  that  oxygen  was  the  only 
gas  used  in  these  investigations  which  enhanced  the  enzymatic  activity  of  DNA 
polymerase  in  vitro,  with  an  increase  of  7.17%.  While  argon,  Freon-14  and  Gene- 
tron-152A  decreased  the  activity  less  than  20%,  nitrogen,  nitrous  oxide,  sulfur 
dioxide,  carbonyl  sulfide,  1 -butene,  Freon-C-318,  and  perfluoro-2-butene  treatments 
resulted  in  decreases  greater  than  50%.  Although  some  of  the  gases  altered  the  pH 
slightly,  sulfur  dioxide  caused  a  drastic  change.  The  sulfur  dioxide  treatment  also 
resulted  in  the  greatest  decrease  in  DNA  polymerase  enzyme  activity. 

Saturday  Morning,  March  11 
Division  A 

EFFECT  OF  INSECT  INFESTATION  ON  YIELD  OF  COASTAL  AND  COM¬ 
MON  BERMUDA  GRASS  HAY — W.  C.  Roddy,  Galveston  College,  Galveston. 

MINERAL  ABSORPTION  OF  TR1GONELLA  FOENUM-GRAECUM  SEED¬ 
LINGS  FROM  GAMMA-IRRADIATED  SEED— J.  Freeman  and  M.  M. 
Aboul-Ela,  Texas  Woman’s  University,  Denton. 

Fenugreek  bean  seeds  were  given  Co-60  irradiation  in  15,000  R  and  30,000  R 
treatments.  Half  of  the  irradiated  seeds  were  immediately  placed  in  wet  DiSpo 
growth  pouches  and  half  were  placed  in  running  tap  water  at  room  temperature  for 
a  period  of  24  hours,  then  placed  in  growth  pouches. 

Seeds  in  all  treatments,  arranged  in  5  replicated,  randomized  blocks,  were  grown 
in  a  growth  chamber  (15°C  during  an  8-hour  night;  25 °C  for  a  16-hour  day).  The 
light  intensity  was  set  at  21  kilolux.  Equal  amounts  of  water  and  nutrients  were 
given  the  plants  at  specified  intervals. 

Seedlings  were  harvested  at  intervals  of  7,  14,  21,  and  28  days.  Data  was  taken  on 
seedling  stem  heights  and  fresh  weights.  The  entire  seedlings  were  oven  dried  at 
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70°C  for  a  24-hour  period  and  dry  weights  were  determined.  Dried  seedlings  were 
ground  with  a  Wiley  laboratory  mill. 

Nitrogen  was  determined  by  the  Perkin-Elmer  Model  240  Elemental  Analyzer. 
Determinations  of  phosphorus  were  done  on  the  Perkin-Elmer  Model  139  Spectro¬ 
photometer  at  wavelength  of  600  m^. 

A  dose  of  30,000  g  gamma  radiation  decreased  Fenugreek  bean  seedling  height, 
fresh  weight,  and  dry  weight,  especially  as  the  seedlings  grew  older.  This  radiation 
dose  also  increased  the  uptake  of  nitrogen,  possibly  due  to  the  reduction  in  dry 
weight.  Changes  in  phosphorous  uptake  were  insignificant. 

A  15,000  R  dose  decreased  heights  and  dry  weights  but  not  fresh  weights.  Intensive 
washing  of  seed  for  24  hours  under  running  water  resulted  in  reduction  of  seedling 
heights,  fresh  weights,  and  dry  weights.  Post  irradiation  washing,  however,  did  not 
intensify  the  radiation  damage.  The  15,000  R  dose,  with  or  without  the  washing 
treatment,  caused  insignificant  changes  in  the  uptake  of  nitrogen  and  phosphorous. 

The  washing  treatment  per  se  decreased  seedling  dry  weight  at  all  age  levels, 
suggesting  that  some  growth  promoting  factor  (or  factors)  was  removed  by  the 
washing  process. 

ANATOMICAL  STUDIES  OF  TRIGONELLA  FOENUM-GRAECUM  L.  SEED¬ 
LINGS  FROM  GAMMA-IRRADIATED  SEED— J.  Freeman  and  M.  M. 
Aboul-Ela,  Texas  Woman's  University,  Denton. 

Fenugreek  seeds  were  divided  into  3  treatments. — controls,  a  15,000  R  treatment, 
and  a  30,000  R  treatment.  Cobalt-60  radiation  source  was  used.  One-half  of  the  seeds 
in  each  treatment  were  given  post-irradiation  washing  treatment  for  24  hours  under 
running  tap  water.  The  seeds  were  planted  in  growth  pouches  and  put  under  optimal 
environmental  conditions. 

At  14,  21,  and  28  days  from  planting,  specimens  of  the  first  leaves  were  collected 
and  fixed  in  FAA  solution.  After  infiltration  in  a  tertiary-butal  alcohol  series  and 
embedding  in  paraplast,  the  leaves  were  sectioned  10  microns  thick  and  stained  with 
Saffran  0  and  fast  green. 

Photos  were  made  of  the  leaf  slides  using  a  microscope  and  camera.  A  slide  micro¬ 
meter  was  also  photographed,  and  used  as  a  scaler.  All  individual  cells  within  a  200 
micron  section,  100-300  microns  to  one  side  of  the  leaf’s  main  vein  were  measured. 
From  measurements  of  the  total  area  of  the  cross  section  and  the  total  area  of  the 
cells  within  this  region,  the  area  of  the  leaf  taken  up  by  inter-cellular  spaces  was 
determined. 

Anatomical  study  of  leaves  from  the  15,000  R  treatment  showed  injury  similar  to 
the  damage  resulting  from  the  higher  dose  of  irradiation,  except  with  the  lower  dose, 
the  washing  treatment  was  a  factor  in  influencing  the  production  of  xylem  cells  with 
larger  diameters  and  increased  area  of  inter-cellular  spaces. 

The  30,000  R  treatment  produced  detrimental  effects  on  the  leaf  anatomy  of  the 
seedlings.  There  was  a  decrease  in  the  size  of  spongy  mesophyll  cells,  xylem,  and  j 
phloem  cells.  The  irradiated  seeds  given  the  washing  treatment  produced  seedlings  . 
with  no  significant  damage  which  could  be  attributed  to  the  washing  effect. 

COMPUTER  LEAF  CURVE  FITTING— C.  T.  Chang,  B.  G.  Nunely  and  D.  Smith, 
North  Texas  State  University,  Denton. 

THE  ZOOPLANKTON  OF  THREE  HABITATS  IN  WEST  BAY,  TEXAS—  T  .H. 
Rennie  and  G.  A.  Matthews,  University  of  Houston,  Houston. 
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SOME  ASPECTS  OF  THE  BIOLOGY  OF  THE  BRACKISH- WATER  LAMELLI- 
BRANCH,  CONGER1A  LEUCOPHAEATA  CONRAD— S.  G.  Rennie,  Texas 

A&M  University,  College  Station . 


ACTIVATED  SLEEP  IN  THE  ARMADILLO  (DASYPUS  NOVEMCINCTUS ) 
— A.  E.  Prudom  and  W.  R.  Klemm,  Texas  A&M  University,  College  Station. 


CEREBRAL  MORPHOLOGY  AND  THE  ORIGIN  OF  SEALS— L.  S.  Dillon  and 

D.  R.  England,  Texas  A&M  University,  College  Station. 


MITOCHONDRIAL  CALCIUM  AND  ISOLATED  PERFUSED  HEART  FUNC¬ 
TION  IN  MICE  ( PEROMYSCUS  LEUCOPUS) .— R.  P.  Eller,  University  of 
Texas  at  Arlington,  Arlington. 

Atrial  automatically  of  isolated  hearts  from  48-hour  starved  mice  was  compared  to 
that  of  hearts  from  fed  animals  when  perfused  at  16°C  for  90  minutes.  A  modified 
Krebs-Henseleit  bicarbonate  buffer  perfusion  medium  containing  50  mg  glucose  per 
100  ml  and  3  different  calcium  concentrations  (2.08,  2.54  and  3.14  mM)  was  used. 
Hearts  from  48-hour  starved  mice  exhibited  a  significantly  (p  <  0.05)  slower  atrial 
rate  (49  ±  3  beats/min)  than  hearts  from  fed  mice  (71  ±  3  beats/ min)  after  per¬ 
fusing  for  45  minutes  at  16°C.  A  reduction  of  perfusate  calcium  to  2.08  mM 
produced  a  slowing  of  atrial  activity  to  56  ±  4  beats  per  minute  in  fed  animals* 
hearts  whereas  an  elevated  calcium  (3.14  mM)  produced  an  atrial  rate  of  69  ±  4 
beats  per  minute.  Heart  mitochondrial  preparations  from  48-hour  starved  and  fed 
mice  were  incubated  at  20 °C  for  40  minutes  in  the  presence  of  45Ca  +  +  .  A  greater 
change  in  45Ca++  per  gg  mitochondrial  nitrogen  was  noted  in  the  incubation 
medium  of  the  starved  animal  preparations  than  in  those  of  fed  animals  (76.6  ±  7.3 
counts/3  min  and  57.4  ±  4.8  counts/3  min,  respectively)  suggesting  different  physio¬ 
logical  properties  relative  to  calcium  sequestering. 


EVIDENCE  FOR  A  GENOTYPE  DIETARY  LYSINE  INTERACTION  IN  THE 
CHICKEN — W.  F.  Krueger,  I.  S.  Bonds  and  J.  W.  Bradley,  Texas  A&M  Uni¬ 
versity,  College  Station. 

Four  egg-type  stocks,  namely,  a  dwarf,  2  normal  F2  crosses  each  containing  the 
dwarf  gene,  and  a  closed  population  of  Leghorns,  were  fed  diets  containing  3  differ¬ 
ent  levels  of  lysine  to  19  weeks  of  age.  Each  of  the  3  diets  were  formulated  to  have 
approximately  20.5%  protein  and  2,895  Kcal.  M.E./kg  of  feed.  The  lysine  level  of 
ration  1  (control)  was  1.11%,  ration  2-0.87%  and  ration  3-0.64-%.  In  addition,  a 
sample  half  of  each  treatment  group  was  stressed  physically  by  vaccination  for  fowl 
pox  and  debeaking  at  one  week  of  age.  The  4  stocks  in  each  treatment  were  grown 
intermingled  and  were  weighed  at  3-week  intervals. 

Highly  significant  genotype  and  ration  differences  were  obtained.  A  highly 
significant  strain  by  dietary  lysine  level  interaction  also  was  observed.  The  dwarf 
and  the  2  F2  stocks  grew  as  well  as  0.87%  lysine  as  on  the  N.R.C.  recommended  level 
of  1.1%  lysine  through  7  weeks  of  age.  The  dwarfs  on  0.64%  lysine  weighed  65.2% 
of  the  controls,  while  the  closed  population  on  the  same  diet  weighed  55.9%  of  the 
controls  to  7  weeks  of  age.  The  interaction  tended  to  decrease  as  the  birds  approached 
19  weeks  of  age.  Debeaking  and  vaccination  (physical  stress)  at  one  week  of  age 
had  a  depressing  effect  on  growth  rate  irrespective  of  type  of  ration. 
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MITOTIC  CHROMOSOMES  OF  TURTLES — F.  C.  Killebrew,  West  Texas  State 
University,  Canyon. 

Chromosomes  of  the  families  of  the  Chelonia  have  been  counted  and  detailed 
morphological  analysis  has  been  made.  This  investigation  was  undertaken  to  evaluate 
the  number  and  morphological  characteristics  of  chromosomes  taken  from  corneal 
cells  of  turtles.  The  chromosomal  interrelationships  among  the  families  will  be 
determined  and  compared  with  taxonomic  criteria  used  in  the  classification  of  turtles 
to  derive  a  possible  evolutionary  relationship  among  Chelonians. 

SECTION  V— SOCIAL  SCIENCES 
Friday  Morning,  March  10 
Division  A— Sociology 

INTERGENERATIONAL  MOBILITY  OF  MEXICAN  AMERICANS  IN  TEXAS 
— R.  H.  Teske,  Texas  A&M  University,  College  Station. 

This  paper  is  a  report  of  data  drawn  from  a  larger  study  of  middle-class  Mexican 
Americans  in  Texas.  The  primary  emphasis  of  the  paper  is  a  descriptive  analysis  of 
intergenerational,  as  well  as  intra generational,  mobility  patterns  of  Mexican  Ameri¬ 
cans  in  Texas  who  have  achieved  middle-class  status  as  measured  by  occupation.  In 
addition,  a  comparison  with  other  findings  concerning  intergenerational  mobility 
among  Mexican  Americans  is  provided,  with  implications  for  future  social  mobility 
patterns  among  the  Mexican- American  population  in  Texas. 

MAJORITY-MINORITY  GROUP  STUDENT  ACHIEVEMENT:  A  CONSIDER¬ 
ATION  OF  THE  MULTI-RACIAL  CONTEXT— L.  G.  Felice,  Baylor  Uni¬ 
versity,  Waco. 

The  research  reported  in  this  paper  is  an  investigation  of  the  determinants  of  j 
ma  j ority-minority  group  student  achievement  scores  and  dropout  rates.  Utilizing 
the  general  findings  of  federal  government  studies  of  the  effects  of  school  climate 
(e.g.,  racial  and  socio-economic  composition  of  students  and  staff)  on  student  self-  j 
concept  and  achievement,  the  investigators  examined  the  effects  of  school  climate  on 
achievement  scores  and  dropout  rates  for  white,  Negro  and  Mexican- American 
students  in  a  multiracial  context.  Most  studies  of  this  nature  have  focused  on  the 
difference  in  achievement  scores  between  the  majority  group  and  one  minority 
group.  A  basic  hypothesis  of  the  present  study  was  that  the  multi-racial  context,  as 
opposed  to  the  less  complex  bi-racial  context,  introduces  new  dimensions  into  the 
problem  of  developing  strategies  and  programs  to  provide  equal  educational  oppor¬ 
tunity  for  all. 

The  analysis  of  the  effects  of  school  climate  on  the  determinants  of  majority- 
minority  group  student  achievement  scores  and  dropout  rates  was  carried  out  along 
4  primary  dimensions  which  included  background,  family,  educational,  and  personal 
factors.  The  population  for  this  study  consisted  of  all  9th- 12th  graders  enrolled  in  j 
Waco  public  schools  (LeVega  Independent  School  District  and  the  Waco  Independent  j 
School  District)  during  the  1970-7 1  school  year.  In  addition  to  school  records,  a  j 
stratified  random  sample  of  students  (to  assure  adequate  representation  of  each 
grade)  was  surveyed  and  tested  in  the  Spring  of  1971.  Sixty  per  cent  of  those  who 
dropped  out  in  1971  (identified  through  school  records)  were  interviewed  by  a 
specially  trained  multi-racial  staff  during  that  summer.  In  addition  to  graphic  and 
tabular  examinations,  correlation  and  regression  analysis  were  used  to  identify  those  j  ( 
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variable  contributing  the  most  variance  to  achievement  scores  and  dropout  rates.  An 
explanative  model  was  constructed  and  evaluated. 

Findings  contribute  to  an  explanation  of  majority-minority  group  differences  in 
achievement  scores  and  dropout  rates  in  a  multi-racial  context.  Results  of  this  study 
may  be  used  by  community  and/or  school  agencies  to  formulate  guidelines  for  future 
decisions  concerning  the  optimal  strategy  for  achieving  equal  educational  oppor¬ 
tunity  for  all  students,  regardless  of  racial  or  ethnic  backgrounds. 

PROBLEMS  AND  HANG  UPS  IN  THE  STUDY  OF  RACIAL  PREJUDICE: 
CONCEPTUAL  AMBIGUITIES  AND  EMPIRICAL  GAPS— W.  P.  Kuvlesky 
and  E.  Taft,  Texas  A&M  University,  College  Station . 

THE  QUEST  FOR  FULL  CITIZENSHIP  BY  THE  NEGRO  MOVEMENT,  1954— 
1970:  BASED  ON  PARSONS  AND  MARSHALL— C.  Bullion,  Texas  A&M 
University,  College  Station. 

SOCIAL  SCIENCE 

EFFECT  OF  GENERALIZED  LEADERSHIP  PATTERNS  ON  THE  LEADER’S 
LEVEL  OF  PERFORMANCE — R.  N.  Singh,  East  Texas  State  University , 
Commerce. 

The  major  objective  of  this  paper  is  to  examine  the  effect  of  generalized  leadership 
patterns  of  special-interest-project  leaders  on  their  levels  of  performance.  Several 
sociological  studies  have  indicated  that  a  generalized  leadership  or  participation  style 
of  an  actor  in  a  given  activity  has  significant  implications  for  the  effectiveness  of  his 
participation  in  that  activity.  Studies  have  suggested  that  the  generalized  leader  is 
not  only  likely  to  have  a  higher  degree  of  involvement  in  a  particular  action  but  he 
also  tends  to  contribute  more  directly  to  coordination  and  structural  maintenance  in 
the  community  field.  However,  we  have  lacked  empirical  data  to  back  these  theo¬ 
retical  propositions.  The  present  study  is  an  attempt  to  provide  concrete  data  in  that 
direction  by  examining  involvement  patterns  of  114  leaders  in  11  small  watershed 
development  projects  in  Mississippi.  Both  performance  levels  in  the  activity  and  the 
generalized  leadership  roles  were  operationalized  through  behavioral  measures.  The 
behavioral  measure  of  generalized  leadership,  for  example,  included  number  of 
memberships  and  leadership  positions  held  in  other  organizations,  number  of  com¬ 
munity  programs  in  which  involved,  number  of  interest  areas  involved  in,  and  so 
forth.  The  data  showed  that  the  differential  levels  of  involvement  of  actors  in 
generalized  leadership  roles  and  watershed  program  leadership  role  were  positively 
correlated. 

THE  IMPACT  OF  LOCALISM-COSMOPOLITANISM  UPON  POLITICAL 
ATTITUDES  AND  BEHAVIOR:  A  TYPOLOGICAL  ANALYSIS— R.  D. 

Larsen,  Baylor  University,  Waco. 

The  objective  of  this  research  is  an  inquiry  into  the  usefulness  of  the  localism- 
cosmopolitanism  typology  as  a  tool  for  the  investigation  of  the  political  attitudes 
and  behavior  of  a  metropolitan  populace.  The  terms  “local”  and  “cosmopolitan”  do 
not  refer  to  “rural”  or  “urban”  background  but  to  the  “orientation”  of  an  individual. 
The  locally  oriented  individual  confines  his  interests  to  the  local  community  and  its 
problems;  he  is  parochial.  The  cosmopolitan  is  attuned  to  the  world  beyond  his  local 
community;  he  is  ecumenical.  The  thrust  of  this  research  is  directed  at  the  improve¬ 
ment  of  the  instrument  for  measuring  the  localism-cosmopolitanism  typology  and 
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the  study  of  selected  social  correlates  in  a  population  more  heterogeneous  than  those 
of  earlier  studies.  Especially  important  is  the  inquiry  into  the  nature  of  minority 
groups,  specifically  black  and  browns. 

In  order  to  obtain  a  heterogeneous  sample  which  would  include  black  and  brown 
minority  groups  as  well  as  the  white  majority  group,  this  study  was  conducted  in 
a  Texas  central  city  of  approximately  95,000  persons.  The  city  is  divided  into  2,487 
blocks  of  parcels  of  land.  The  head  of  one  household  was  interviewed  on  each  of  648 
randomly  selected  blocks  (approximately  one  quarter  of  the  total  number  of  blocks). 
This  procedure  was  designed  to  yield  a  random  sample  of  the  entire  population. 

The  findings  indicate  the  importance  of  the  localism-cosmopolitanism  typology  in 
assessing  political  attitudes  and  behavior  and  contribute  to  the  knowledge  of  political 
reference  groups  or  ideals.  Consequently,  the  use  of  the  localism-cosmopolitanism 
typology  contributes  to  a  more  precise  detailing  of  the  attitudinal  profile  of  both 
voters  and  nonvoters. 


QUESTIONNAIRE  INTEGRITY — E.  Sauls,  University  of  Texas  at  Austin,  Austin. 

Inherent  in  every  sampling  plan  is  the  problem  of  sampling  errors,  i.e.,  the  sample 
may  not  represent  the  population.  In  addition  to  sampling  errors  there  are  non¬ 
sampling  errors.  Nonsampling  errors  are  those  which  would  occur  even  if  every 
item  in  the  population  were  observed.  Nonsampling  errors  are  particularly  prevalent 
in  the  use  of  questionnaires.  Nonresponse  is  the  most  common  type  of  nonsampling 
errors;  however,  there  is  also  the  problem  of  respondents  improperly  answering 
the  questionnaire.  In  most  instances  the  measurement  of  nonsampling  errors  has  been 
difficult  if  not  impossible. 

This  paper  reports  on  an  experiment  in  which  nonsampling  errors  were  defined 
and  measured.  Questionnaires  concerning  the  balance  of  deposit  accounts  in  the 
Michigan  State  University  Credit  Union  were  sent  to  the  depositors  in  the  form  of 
account  balance  confirmations  used  in  the  periodic  audit  of  the  accounts.  The 
questionnaires  provided  the  depositor  with  a  figure  which  purported  to  be  the  correct 
balance;  however,  a  sample  of  account  balances  were  misstated. 

The  results  of  the  experiment  revealed  that  nonsampling  errors  are  a  major  j 
problem  in  the  use  of  questionnaires.  The  expected  proportion  of  nonrespondents 
and  improper  responses  was  high  enough  to  raise  serious  questions  as  to  the  validity  j 
of  experiments  using  questionnaires. 

THE  COLLECTION  OF  CATEGORICAL  OR  ORDERED  DATA  WITH  SCALING 
APPLICATIONS — J.  Darby,  Texas  A&M  University,  College  Station. 

THE  OLD  COLONY  MENNONITES  OF  BOLIVIA:  A  CASE  STUDY— J.  H. 
Lanning  and  B.  H.  Nelson,  Texas  A&M  University,  College  Station. 


Friday  Morning,  March  10 


Division  B — Regional  Economics 

A  THEORY  OF  PERSONALITY  FOR  SOCIOLOGY— H.  Puttman,  East  Texas 


University,  Commerce. 

Recent  studies  seem  to  point  toward  a  theory  of  personality  which  would  be  of 
special  interest  for  the  work  of  sociologists.  This  view  of  personality  would  empha¬ 
size  the  importance  of  the  prenatal  emotional  life  of  the  unborn  child,  as  a  factor 
affecting  his  social  attitudes  after  birth.  This  exploratory  survey  of  this  approach 
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may  call  attention  to  neglected  problems  and  hypotheses  deserving  careful  study 
relative  to  the  work  of  sociology.  Conditions  of  life  in  the  womb,  some  studies  indi¬ 
cate,  may  give  rise  to  the  beginnings  of  attitudes  of  importance  later  in  the  life  of 
the  individual  and  during  his  entire  lifetime.  Recent  studies  indicate  the  possibility 
of  an  active  all-round  life  while  the  individual,  in  the  womb,  still  absorbs  his  oxygen 
supply  from  surrounding  liquid.  Can  attitudes  be  formed  first  in  an  undifferentiated 
unconscious?  To  what  extent  is  there  consciousness  before  birth,  and  to  what  extent 
are  the  unconscious  attitudes  formed  before  birth  of  importance  to  conscious  func¬ 
tioning  in  later  years  in  the  life  of  the  individual?  As  Otto  Rank  showed,  birth  trauma 
affects  one’s  attitudes  with  effects  which  are  important  later.  Then  may  the  experi¬ 
ences  before  birth  also  have  strong  effects?  Melanie  Klein  showed  that  the  infant’s 
life  is  one  of  marked  emotional  turmoil;  how  is  this  condition  related  to  life  before 
birth  when  one’s  situation  was  unlike  the  present  one?  A  review  of  such  researches 
may  find  fruitful  applications  for  the  work  of  sociological  research. 

SCHOOL  ENROLLMENT  AND  REGIONAL  POPULATION  PROJECTIONS— 
S.  R.  Holmes,  East  Texas  State  University ,  Commerce. 

IMPACT  OF  NATURAL  DISASTERS — J.  Wittman,  Texas  Tech  University , 
Lubbock . 

ASSESSING  THE  CHARACTERISTICS  OF  EMPLOYMENT  HANDICAPS  IN 
URBAN  CENTERS — J.  Strickland,  U.S.  Department  of  Labor . 

THE  GOALS  FOR  DALLAS  ECONOMIC  POTENTIALS  STUDY— D.  R.  Sey¬ 
mour,  Southern  Methodist  University ,  Dallas . 

A  REGIONAL  ECONOMIC  FORECAST  FOR  NORTHEAST  TEXAS— W.  C. 
Adams  and  C.  J.  Perry,  East  Texas  State  University,  Commerce. 

Operations  Research 

AN  OPERATIONS  RESEARCH  APPROACH  TO  THE  MANAGEMENT  OF 
GOVERNMENT  COST-PLUS-AWARD-FEE  CONTRACTS— J.  T.  Stems, 
Florida  Institute  of  Technology  and  E.  J.  Manton,  Kennedy  Space  Center. 

THE  ASSIGNMENT  MODEL— AN  APPROACH  TO  THE  PROBLEM  OF  VARI¬ 
ANCE  IN  COST  FACTORS — W.  E.  Pinnet,  University  of  Texas  at  Arlington, 
Arlington . 

OPERATIONS  RESEARCH  AS  AN  EFFECTIVE  TOOL  IN  SOLVING  PRACTI¬ 
CAL  BUSINESS  PROBLEMS — D.  B.  McWilliams,  University  of  Texas  at 
Arlington,  Arlington,  and  B.  Davis,  East  Texas  State  University,  Commerce. 

Saturday  Mornings  March  11 
Division  A . Social.  Science 

POLITICAL  SOCIALIZATION  OF  18-21  YEAR  OLD  VOTERS— Panel  Discussion 
Barbara  Reno,  Angelo  State  University,  San  Angelo,  and  R.  Sharp,  Baylor 
University,  Waco . 
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SECTION  YI— ENVIRONMENTAL  SCIENCE 

GROUNDWATER  RECHARGE  AND  THE  LEOPOLD  MATRIX— J.  R.  Singer 
and  R.  E.  Morgan,  Stephen  F.  Austin  State  University ,  Nacogdoches. 

INFLUENCE  OF  CANYON  RESERVOIR  ON  THE  WATER  QUALITY  OF  THE 
GUADALUPE  RIVER,  TEXAS— H.  H.  Hannan  and  W.  J.  Young,  Southwest 
Texas  State  University ,  San  Marcos. 

CRITERIA  FOR  ESTABLISHING  ENVIRONMENTAL  IMPACT  ZONES— 

J.  R.  Singer  and  P.  R.  Burke,  Stephen  F.  Austin  State  University ,  Nacogdoches. 

THE  LIMNOLOGY  OF  LAKE  GRANBURY,  PART  I— J.  O.  Mecom,  Southern 
Methodist  University ,  Dallas. 

THE  LIMNOLOGY  OF  LAKE  GRANBURY,  PART  II— K.  L.  Smith,  Southern 
Methodist  University ,  Dallas. 

MERCURY  CONTAMINATION  OF  THE  CONCHO  RIVER  SYSTEM— E.  N. 
Drake  II  and  R.  C.  Dawkins,  Angelo  State  University,  San  Angelo. 

THE  INFLUENCE  OF  STREAM  IMPOUNDMENT  ON  THE  SPECIES  DIVER¬ 
SITY  OF  BENTHIC  MACROINVERTEBRATE  COMMUNITIES— W.  Young 
and  D.  H.  Kent,  Southwest  Texas  State  University,  San  Marcos. 

TRACE  ELEMENTS  IN  TRINITY  RIVER  WATERS  AND  SEDIMENTS,  FORT 
WORTH  AREA,  TEXAS— W.  S.  Moore,  L.  W.  Newland,  A.  J.  Ehlman  and 

K.  Miller,  Texas  Christian  University,  Fort  Worth. 

STANDING  CROP  OF  FISHES  AS  AN  ESTIMATE  OF  FISH  PRODUCTION 
IN  SMALL  BODIES  OF  WATER— B.  G.  Whiteside  and  N.  E.  Carter,  South¬ 
west  Texas  State  University,  San  Marcos. 

THE  TEXAS  NATURAL  AREAS  SURVEY,  PHASE  II— F.  R.  Gehlbach,  Baylor 
University,  Waco. 


Friday  Afternoon,  March  10 

Division  A 

PHYSICO-CHEMICAL  CONDITIONS  AND  COMMUNITY  STRUCTURE  OF 
MACROBENTHOS  IN  THE  VICINITY  OF  THE  NECHES  RIVER  SALT 
WATER  BARRIER — L.  Patterson  and  R.  C.  Harrel,  Lamar  University, 
Beaumont. 

A  WATER  QUALITY  STUDY  OF  A  STREAM  IN  EASTERN  TEXAS— R.  Sniffen 
and  J.  D.  McCullogh,  Stephen  F.  Austin  State  University,  Nacogdoches. 

ORGANOCHLORINE  INSECTICIDE  RESIDUES  IN  ARANSAS  BAY,  TEXAS— 
R.  R.  Fau  and  L.  W.  Newland,  Texas  Christian  University,  Fort  Worth. 
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ECOSYSTEM  MODELING  ON  LAKE  TEXOMA— C.  Hubbs,  University  of  Texas 
at  Austin ,  Austin. 

EFFECT  OF  SALINITY  ON  THE  TL  FOR  MERCURY,  COPPER  AND  CHROM¬ 
IUM  FOR  RANGIA  CUNEATA,  A  BRACKISH  WATER  CLAM— K.  R.  Olson 
and  R.  C.  Harrel,  Lamar  University ,  Beaumont. 

RANGIA  CUNEATA,  (A  BRACKISH  WATER  CLAM)  IN  THE  LOWER 
NECHES  RIVER — R.  Alford,  M.  O.  Johnson  and  R.  C.  Harrel,  Lamar  Uni¬ 
versity,  Beaumont. 

A  COMPARISON  OF  THE  PRIMARY  PRODUCTION  RATES  IN  UPPER  SAM 
RAYBURN  RESERVOIR— P.  M.  Adler  and  J.  D.  McCullogh,  Stephen  F. 
Austin  State  University ,  Nacogdoches. 

REVERSION  OF  CLEARED  LAND  TO  WOODLAND  ON  THE  EDWARDS 
PLATEAU — D.  Lynch,  St.  Edward’s  University,  San  Antonio. 

PHYSIOLOGICAL  EFFECTS  OF  ELECTROMAGNETIC  RADIATION  ON 
RATS  AND  CHICKENS— A.  J.  Giarola,  W.  F.  Kruger  and  J.  W.  Bradley, 
Texas  A&M  University,  College  Station. 

Groups  of  25  incrossbred  male  chicks  were  exposed  to  continuous  electromagnetic 
electric  and  magnetic  fields  through  22  days  of  age.  Growth  rate,  livability  and  feed 
consumption  data  were  collected  weekly  and  used  as  response  criteria.  In  addition, 
behavioral  characteristics  of  birds  and  the  average  power  absorbed  per  bird  were 
recorded.  Nonradiated  controls  were  used  as  reference  animals  in  all  experiments. 

Birds  exposed  to  an  electric  field  of  the  order  of  3,600  V/m  at  45  Hz  were  signifi¬ 
cantly  smaller  in  body  size  at  9  and  15  days  of  age  than  were  comparable  controls. 
At  22  days  of  age  the  exposed  birds  were  11  g  lighter  than  the  controls;  however, 
the  difference  was  no  longer  statistically  significant. 

When  day-old  male  chicks  were  exposed  to  a  magnetic  field  maintained  at  approxi¬ 
mately  1.4  G,  a  highly  significant  growth  depression  was  noted  at  15  and  22  days 
of  age.  Growth  rate  was  depressed  progressively  as  the  birds  increased  with  age. 
At  the  end  of  9  days  the  depression  was  approximately  3.5%,  at  the  end  of  15  days 
7.5%  and  at  the  end  of  22  days  11.0%  in  comparison  with  the  controls. 

Exposure  to  a  VHF  signal  at  260  MHz  with  a  calculated  average  power  density 
of  33  ,/iW/cm2  did  not  reduce  growth  significantly.  However,  when  growth  was 
plotted  against  that  of  the  controls,  the  depression  was  0.2  to  0.5%  at  9  days  of  age. 
Power  absorption  per  bird  from  electromagnetic  radiation  at  260  MHz  was  sig¬ 
nificantly  less  than  at  880  MHz. 

No  significant  differences  were  noted  in  behavior  or  livability  among  the  groups. 
In  an  experiment  with  rats,  behavioral  differences  were  noted.  The  treated  rats 
were  more  docile. 

EFFECTS  GF  GOESMIN  CONCENTRATIONS  ON  SELECTED  CYANOPHYTES 
— H.  M.  Richey  III,  North  Texas  State  University,  Denton . 

SOME  CHEMICAL  ANALYSES  OF  THE  UPPER  TRINITY  RIVER,  TARRANT 
COUNTY  TEXAS — L.  C.  Miller,  C.  E.  Murphy  and  L.  W.  Newland,  Texas 
Christian  University,  Fort  Worth. 
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THE  LIMNOLOGY  OF  THE  NAVASOTA  RIVER— W.  J.  Clark,  Texas  A&M 
University ,  College  Station. 

Division  B 

A  COMPARISON  OF  THE  POLYCHAETE  FAUNA  OF  TWO  DIFFERENT 
GEOGRAPHICAL  AREAS  IN  SOUTH  TEXAS— J.  Kreuz,  Texas  A&l  Uni¬ 
versity,  Kingsville. 

NOTES  ON  THE  GENUS  ARGULUS  IN  GALVESTON  BAY— T.  Jones  and  R.  D. 
Reimer,  Texas  A&M  University,  College  Station. 

A  NEW  CRAWFISH  OF  THE  GENUS  ORCONETES,  WITH  NOTES  ON  ITS 
AFFINITIES  AND  DISTRIBUTION— R.  D.  Reimer  and  D.  B.  Jester,  Texas 
A&M  University,  College  Station. 

SOME  ASPECTS  OF  THE  ECOLOGY  OF  HOLBROOKIA  TEXAN  A  IN  COMAL 
COUNTY,  TEXAS — G.  A.  Ingeling,  Southwest  Texas  State  University,  San 
Marcos. 

FOOD  STUDY  OF  SPECKLED  SEA  TROUT  ( CYN1SCION  NEBULOSUS 
(CUVIER),  IN  BAFFIN  BAY,  TEXAS— C.  Huckabe  and  M.  H.  Simons,  Texas 
A&l  University,  Kingsville. 

AN  ANALYSIS  OF  DISTRIBUTIONAL  PATTERNS  OF  AMPHIBIANS  AND 
REPTILES  IN  TEXAS — G.  G.  Raun  and  C.  Leonard,  Angelo  State  University, 
San  Angelo. 

NESTING  SUCCESS  OF  THE  GREAT  BLUE  HERON  ON  FOUR  SPOIL 
ISLANDS  IN  THE  LAGUNA  MADRE,  TEXAS— B.  Simersky,  Texas  A&l 
U niversity,  Kingsville. 

BURROWING  OWL  PREDATION  ON  THE  TEXAS  HORNED  LIZARD, 
PHRYNOSOMA  CORNUTUM—G.  C.  Creel,  Angelo  State  University,  San 
Angelo. 

DEVELOPMENT  OF  REDDISH  EGRET  ( DICHROMANASSA  RUFESCENS) 
YOUNG  ON  A  SPOIL  BANK  CHAIN  IN  THE  LAGUNA  MADRE,  TEXAS 
— S.  L.  McMurry  Stutis,  Texas  A&l  University,  Kingsville. 

THE  PRESENT  STATUS  OF  KIT  FOXES  IN  TEXAS— W.  A.  Thornton,  Angelo 
State  University,  San  Angelo. 

THE  UNIVERSITY  OF  TEXAS  SYSTEM  ENVIRONMENTAL  SCIENCE  PARK 
— J.  P.  Kennedy,  U niversity  of  Texas  at  Houston,  Houston. 

ENTOMOLOGICAL  RESEARCH  AT  PALMER  STATION,  ANTARCTICA— 
B.  Davis  and  R.  W.  Strandtmann,  Texas  Tech  University,  Lubbock. 

PROBLEMS  OF  BATRACHIAN  DISTRIBUTION  ON  THE  SOUTHERN  CONTI¬ 
NENTS — W.  F.  Blair,  University  of  Texas  at  Austin,  Austin. 
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SECTION  VII— -CHEMICAL  SCIENCES 
Friday  Morning,  March  10 

ELECTROPHORETIC  ANALYSIS  OF  NASAL  SECRETIONS— N.  M.  Trieff, 
J,  S,  Mill  and  M.  R.  Shetlar,  University  of  Texas  Medical  Branch  at  Galveston , 
Galveston. 

ALKYL  4-PICOLYL  KETONES  AND  DERIVATIVES—!.  L.  Rond  and  E.  H.  Sund, 
Midwestern  University ,  Wichita  Falls. 

Nine  alkyl  4-picolyl  ketones  were  prepared  by  the  interaction  of  4-picolylsodium 
and  the  requisite  methyl  ester.  Physical  properties  were  determined  and  hydantoin 
and  picrate  derivatives  of  these  ketones  were  prepared. 

METHODS  OF  DRUG  ANALYSIS— M.  J.  Carlo  and  P.  D.  Swain,  Angelo  State 
University ,  San  Angelo . 

A  DETERMINATION  OF  SOLUBILITIES  OF  SOME  BIOLOGICALLY  IMPOR¬ 
TANT  COMPOUNDS  AT  26 °C. — M.  J.  Carlo  and  K.  E.  Trudo,  Angelo  State 
University ,  San  Angelo . 

REACTIONS  INVOLVED  IN  METABOLIC  DEGRADATION  OF  A  BRANCHED 
DECAGLUCOSE  TO  «-l,4-TETRAGLUCOSE  FOLLOWED  BY  GLYCO- 
GENETIC  REBUILDING  OF  THE  STARTING  DECAGLUCOSE— W.  W. 
Floyd,  Sam  Houston  State  University ,  Huntsville . 

During  normal  metabolic  glycogenolysis,  3  enzymes  successively  degrade  the 
branched  decaglucose  prepared  by  Joseph  Lamer  from  muscle  glycogen,  (1953, 
/.  Biol.  Chem 202:  491),  to  a- 1 ,4-tetraglucose. 

First,  a-l,4-glucan  transferase  transfers  an  a-l ,4-triglucoside  unit  from  the  non¬ 
reducing  end  of  the  -a- 1,6-  branch  to  some  other  glucose  chain. 

H(C6H10O6)4 

H(C6H10O5)3J  (C6H905)20H  +  H(C6H10O5)nOH 
Lamer’s  branched  decaglucose  n-Mer  glucose  acceptor 

H(C6410O5) 

H(C6H10O6)3J (C6H905)  (C6H10O5)OH+H(C6H10O5)  (n+3)OH  (1) 
Branched  heptaglucose  (n-f-3)  —  Mer  pluraglucose 

Secondly,  amylo-l,6-glucosidase  hydrolyzes  the  branched  heptaglucose  at  the 
a- 1,6-bond,  forming  ,a-l,4-hexaglucose  and  liberating  a  free  glucose  molecule. 
H(C6H10O5) 

H(C6H10O5)s  J(C6H905)  (C6H10O5)2OH  +  HOH 
Branched  heptaglucose 

H(C6H10O5)OH  +  H(C6H10O5)6OH  (2> 

Glucose  «-l,4-Hexaglucose 

Thirdly,  glycogen  phosphorylase  phosphorolyzes  the  pluraglucose  molecule  at  the, 
«-l, 4-bond  nearest  its  nonreducing  end,  degrading  hexaglucose  to  pentaglucose,  then 
pentaglucose  to  tetraglucose.  Each  glucose  unit  is  released  as  glucose-one-secondary- 
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phosphate  ion.  Formation  of  a- 1 , 4- tetra glucose  from  pentaglucose  represents  Reac¬ 
tion  3. 

H(C6H10O5)5OH  +  H0P032- 
a-l,4-Pentaglucose  Sec.  Phosphate  ion 

H(C6H10O5)4OH  +  H(C6H10O5)  I (opo  )2_  (3) 

a-l,4-Tetraglucose  G-l-P  secondary  ion 
a-l,4-Tetraglucose  is  the  ultimate  end  product  of  reversible  glycogenolysis,  i.e 
the  smallest  oligoglucose  able  to  accept  glucose  units  from  uridine  diphosphate  glu¬ 
cose  in  glycogenesis.  Necessarily,  therefore,  reversible  glycogenolysis  ends  and 
glycogenesis  begins  at  «-l  ,4-tetraglucose. 

Regeneration  of  the  Lamer  branched  decaglucose  from  this  minimum  primer 
consists  of  elongation  and  branching  of  the  glucose  chain.  Using  uridine  secondary 
diphosphate  ion  as  the  glucose  donor,  glycogen  synthetase  transforms  the  primer 
tetraglucose  into  a-l,4-pentaglucose,  in  Reaction  4. 

H(C6H10OJ| 

6  10  5  I  (0P02V-|  |  (C4H3N202)  +  H(C6H10O5)4OH 

UDPG2  a-1 ,4-Tetra  glucose 

H(C6Hl0O6)BOH  +  H(0P02)22“|  |(C4H3N202)  (4) 

a-l,4-Pentaglucose  UDP2- 

The  enzyme  continues  the  stepwise  elongating  of  the  chain  until  a-l,4-decaglucose 
is  built. 

Finally,  the  branching  enzyme,  performing  the  5th  enzymatic  function  in  this 
branched  decaglucose-to-minimum-primer  cycle,  transforms  straight  chain  a-1,4- 
decaglucose  into  a  branched  decaglucose  identical  with  the  glycogen  segment  made, 
enlarged,  and  further  branched  by  Professor  Lamer. 

H (C6H10O5) i0OH  — >  H(C6H10O5)4| 

H(C6H10O5)3  (C6H905)  (C6H10O5)2OH  (5) 

TEMPERATURE  INFLUENCE  OF  THREE  PHASE  APPEARANCE  IN  A  BU- 
TANONE- WATER-EPOXY  RESIN  SYSTEM— M.  L.  Deviney,  Jr,  Ashland 
Oil  Company,  Deer  Park. 

A  COMPARISON  OF  METHODS  FOR  THE  MONOBROMINATION  AND 
MONOCHLORINATION  OF  8-AMINO-QUINOLINE  DERIVATIVES— E. 
C.  Hurdis  and  P.  Finch,  Texas  Woman’s  University,  Denton . 

THE  SYNTHESIS  OF  TETRAHALOFERRATE  ANIONS— D.  J.  Saturino  and 
P.  R.  Girardot,  University  of  Texas  at  Arlington,  Arlington. 

Friday  Afternoon,  March  10  (10  gar  bold) . 

PHYSICO-CHEMICAL  STUDIES  ON  THE  “RED  TIDE”  TOXINS— N.  Ven- 
katasubramanian,  University  of  Texas  Medical  Branch,  Galveston. 

THE  EFFECT  OF  VARIABLES  ON  STYRENE-CO-MALEIC  ANHYDRIDE 
MACROMOLECULES — R.  B.  Seymour,  P.  D.  Kincaid,  and  D.  R.  Owen,  Uni¬ 
versity  of  Houston,  Houston . 
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METHODS  FOR  DETERMINING  THE  CONCENTRATIONS  OF  EACH  COM¬ 
POUND  IN  MIXTURES  OF  SAP-ADENINE  AND  AICA-SAICA— Sister 

I.  Ball,  Our  Lady  of  The  Lake  College,  San  Antonio. 

The  concentrations  of  adenine  and  its  immediate  biosynthetic  precursor,  succinyl 
aminopurine  (SAP),  have  been  measured  in  the  presence  of  each  other  by  a  spectral 
method  applying  a  formula  developed  on  the  basis  of  constant  differences  in  ab¬ 
sorption  at  260  mu  and  230  mu. 

1.6  Ar 

OD„ftn  of  adenine  ■  - (OD9ftn  of  mixture) 

260  1.6  Ar +1  260 

OD280  of  SAP  =  (OD280  of  mixture) 

Ar  and  Sr  are  molar  ratios  of  adenine  to  SAP  and  SAP  to  adenine,  respectively, 
and  are  obtained  from  a  260:280  standard  curve.  The  concentration  is  read  from 
standard  curves  of  adenine  measured  at  260  mu  and  SAP  at  280  mu. 

Concentrations  of  AICA  and  its  precursor  in  the  purine  biosynthetic  pathway, 
SAIGA,  have  been  determined  by  first  reacting  the  two  identical  samples  with 
Bratton-Marshal  reagents,  one  for  30  seconds  and  the  other  for  3  minutes,  reading 
them  at  510  mu,  and  then  solving  the  following  equations. 

umole  of  SAIGA  —  0,75  X  00(30")  —  0.66  X  OD(3') 
nmole  of  AICA  =  -0.06  X  QD(30")  4~  1.06  x  OD(3') 

The  constant  in  the  equations  were  developed  from  constant  differences  in  ab¬ 
sorption  between  the  30  seconds  process  and  the  3  minutes  process  of  known  concen¬ 
trations  of  SAIGA  and  AICA. 

A  STUDY  OF  ENOLIZATION  EQUILIBRIA  IN  ACETOACETIC  ESTER, 
ACEYLACTONE,  AND  DIMETHYLSULFOXIDE— B.  J.  Yager  and  J.  R. 
Villarreal,  Southwest  Texas  State  University,  San  Marcos. 

HETEROGENEOUS  PHASE  EQUILIBRIA,  DETERMINATION  OF  DISTRIBU¬ 
TION  CONSTANTS  BY  GAS  CHROMATOGRAPHY— A.  T.  Armstrong  and 

J.  Lynch,  University  of  Texas  at  Arlington,  Arlington. 

DIPOLE  MOMENTS  OF  CYCLIC  IMIDES  AND  AH  YD  RIDES — L .  R.  Caswell, 
D.  H.  Lee  and  D.  Wallace,  Texas  Women's  University,  Denton. 

REACTION  KINETICS:  MEASURING  OF  PSEUDO-FIRST  ORDER  RATE 
CONSTANTS  UTILIZING  N.M.R. — A.  T.  Armstrong,  J.  B.  King,  and 
M.  Bums,  University  of  Texas  at  Arlington,  Arlington. 

A  DECISION  MAKING  PROCEDURE  FOR  THE  SELECTION  OF  CLINICAL 
CHEMISTRY  TECHNIQUES — M.  D„  Breitmeyer  and  W.  R.  Duff,  Baylor 
College  of  Medicine ,  Houston. 

A  COOPERATIVE  ENDEAVOR  WITH  INDUSTRY  IN  TEACHING  ANALYTI¬ 
CAL  METHODS — A.  Benham,  University  of  Texas  at  Arlington,  Arlington. 
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Saturday  Morning,  March  11 

INDUCED  FISSION  IN  NATURAL  URANIUM— M.  Attrep,  East  Texas  State 
University ,  Commerce. 

ROLE  OF  DIFFUSION  IN  THE  DYING  OF  SYNTHETIC  FABRICS — J.  C.  Cox, 
Jr.,  Wayland  Baptist  College ,  Plainview. 

ACTIVE  SITE  OF  HUMAN  PLASMA  D  NASE  I— V.  M.  Doctor,  Prairie  View 
A&M  College ,  Prairie  View. 

COBALT/SOLUTION  INTERFACE  REACTIONS  IN  AQUEOUS  ACIDS— G.  L. 
Johnson,  University  of  Texas  at  Arlington ,  Arlington. 

A  NEW  ANTICOAGULANT  SUBSTANCE  FROM  FERULA  SPECIES  (ASA 
FOETIDA) — S.  V.  Doctor,  W.  McCullough,  and  V.  M.  Doctor,  Prairie  View 
A&M  College ,  Prairie  View. 

TSMPERATURE  DEPENDENCE  OF  THE  REFRACTIVE  INDICES  OF  THE 
SULFUR-SELENIUM  MELTS— R.  B.  Escue,  C.  V.  Linsey,  and  P.  T.  Chang, 
North  Texas  State  University,  Denton. 

ULTIMATE  PROPERTIES  OF  POLYMERS  IN  RELATION  TO  STRUCTURE— 
M.  DeLo  and  S.  M.  Willoughby,  University  of  Texas  at  Arlington,  Arlington. 

STABILITY  CONSTANTS  OF  CHELATES  OF  ALPHA  KETO  ACIDS  WITH 
Cu2+,  Fe3+,  AND  Al3— j— — W.  McCullough  and  V.  M.  Doctor,  Prairie  View 
A&M  College,  Prairie  View. 

SECTION  VIII— SCIENCE  EDUCATION 

Friday  Morning,  March  10 

METHODOLOGY  IN  ELEMENTARY  SCHOOL  SCIENCE  AT  ASU— J.  G.  Hade- 
menos,  Angelo  State  University,  San  Angelo. 

OCEANOGRAPHIC  CONCEPTS  AND  FACTUAL  INFORMATION  APPLICA¬ 
BLE  TO  THE  ELEMENTARY  SCHOOL  LEVEL  1-6— L.  M.  Bennett,  Texas 
Women’s  University,  Denton. 

MEASURING  SCIENCE  CURRICULUM  IMPROVEMENT  STUDY  TEACH¬ 
ER’S  ATTITUDINAL  CHANGES  TOWARD  SCIENCE— L.  M.  Hovey, 
Texas  Tech  University,  Lubbock. 

QUESTIONING  STRATEGIES  FOR  INQUIRY  TEACHING:  A  TEACHER 
TRAINING  MODULE — J.  E.  Bass,  Sam  Houston  State  University,  Huntsville. 

SCIENCE  EPISODE  TEACHING  AT  THE  SECONDARY  LEVEL— E.  Strong, 
Texas  Lutheran  College,  Seguin. 
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THE  TOPIC  OF  EVOLUTION  IN  SECONDARY  SCHOOL  BIOLOGY  TEXT¬ 
BOOKS — G.  Skoog,  Texas  Tech  University ,  Lubbock. 

AN  APPROACH  TO  TEACHING  INDUCTIVE  TEACHING  STRATEGIES  FOR 
BEGINNING  SCIENCE  TEACHERS — R.  Duke,  Rive  University,  Houston. 

THE  EDUCATION  OF  BIOLOGY  TEACHERS— EMPHASIS  ON  CREATIVE 
BIOLOGY  TEACHING — A.  M.  Melton,  Ray  High  School,  Corpus  Christi. 

A  STUDY  OF  THE  RELATIONSHIP  BETWEEN  THE  LEADER  BEHAVIOR 
OF  SECONDARY  SCHOOL  PRINCIPALS  AND  BIOLOGY  TEACHERS’  AT¬ 
TITUDES  TOWARD  BSCS  BIOLOGY— W.  F.  Lee,  Pan  American  University , 
Edinburgh. 

Scope  and  Method  of  Study:  A  study  to  determine  whether  any  relationship  ex¬ 
ists  between  biology  teacher  attitude  and  leader  behavior  of  secondary  school  prin¬ 
cipals  was  conducted  in  40  secondary  schools  within  a  100-mile  radius  of  Stillwater, 
Oklahoma.  The  procedures  involved  in  an  attempt  to  determine  this  relationship 
were:  (1)  selection  of  secondary  schools  which  had  a  full  time  principal  who  had 
been  in  that  position  for  more  than  one  year;  also,  the  biology  teacher  serving  in 
the  school  must'have  been  there  more  than  one  year;  (2)  selection  of  an  instrument 
to  determine  biology  teacher  attitude  toward  the  relatively  new  Biological  Sciences 
Curriculum  Study  Biology  Program  ( Biology  Teacher  Attitude  Inventory )  and  the 
selection  of  an  instrument  to  determine  the  leader  behayior  of  principals  ( Leader 
Behavior  Description  Questionnaire );  (3)  division  of  the  principals  into  Type  1,  2r 
3,  or  4  by  categorizing  those  who  scored  above  the  mean  on  both  the  Consideration 
and  Initiating  Structure  dimension  of  the  LBDQ  as  Type  1,  those  who  scored  above 
the  mean  on  Consideration  and  below  the  mean  on  Initiating  Structure  as  Type  2r 
those  who  scored  below  the  mean  on  both  Consideration  and  Initiating  Structure  as 
Type  3,  and  those  who  scored  below  the  mean  on  Consideration  and  above  the  mean 
on  Initiating  Structure  as  Type  4;  (4)  analysis  of  data  collected  by  the  instruments. 

From  the  literature  reviewed,  it  was  found  that  the  rationale  of  the  BSCS  Biology 
Program  emphasizes  a  need  for  problem  solving.  It  has  also  been  shown  that  prin¬ 
cipals  high  on  both  dimensions  of  the  LBDQ,  Consideration  and  Initiating  Struc¬ 
ture,  have  been  supportive  of  problem-solving  type  situations.  Therefore,  it  seemed 
reasonable  to  assume  that  the  leader  behavior  of  the  principal  would  affect  the  atti¬ 
tude  of  the  biology  teacher  toward  the  Program.  Still  further  support  was  given 
to  this  assumption  since  principals  scoring  high  on  the  dimension  of  the  LBDQ  have 
been  shown  to  be  facilitative  of  new  curricular  programs.  The  fact  that  teacher 
satisfaction  has  been  shown  to  be  sensitive  to  the  perceived  leadership  of  the  school 
was  also  supportive  to  the  above  assumption. 

From  the  foregoing  rationale  the  following  hypothesis,  which  serve  as  a  guide  for 
the  study,  was  deduced:  Schools  employing  principals  who  score  relatively  high 
on  both  dimensions  of  the  Leader  Behavior  Description  Questionnaire  will  tend  to 
have  biology  teachers  who  score  significantly  higher  on  the  Biology  Teacher  Atti¬ 
tude  Inventory  than  schools  employing  principals  who  score  relatively  low  on  both 
dimensions  of  the  Leader  Behavior  Description  Questionnaire. 

Findings  and  Conclusions:  The  following  conclusions  were  drawn  from  the  an¬ 
alysis  of  the  data  collected  during  this  study.  (1)  An  analysis  of  variance  test  for 
significance  difference  among  mean  attitude  scores  of  biology  teachers  under  the  4 
types  of  principals  disclosed  significant  difference.  A  test  of  all  possible  pairs  to 
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locate  specific  differences  disclosed  significant  difference  only  between  biology 
teacher  under  Type  1  and  Type  3  principals.  (2)  An  effort  was  made  to  relate  atti¬ 
tude  of  biology  teachers  with  demographic  variables.  No  significanct  difference  be¬ 
tween  biology  teacher  attitudes  was  found  when  biology  teachers  were  categorized 
according  to  size  of  school,  sex,  age,  number  of  years  under  present  principal,  num¬ 
ber  of  years  in  present  school,  total  number  of  years  teaching  experience,  or  their 
educational  level.  (3)  Also,  an  effort  was  made  to  relate  principal  types  with  dem¬ 
ographic  variables.  No  significant  difference  between  principal  types  was  found 
when  biology  teachers  were  categorized  according  to  age,  number  of  years  under 
present  principal,  number  of  years  in  present  school,  total  number  of  years  teaching 
experience,  and  size  of  teacher  staff.  However,  a  significant  difference  was  found 
between  principal  type  and  the  recency  of  the  biology  teacher  participation  in 
science  courses  or  workshops,  A  test  of  all  possible  pairs  to  locate  specific  difference 
disclosed  significant  differences  only  between  biology  teachers  under  principal  types 
1  and  4  and  between  those  under  principal  types  3  and  4.  (4)  The  coefficient  of 
multiple  correlation  between  attitude  of  the  biology  teacher  toward  the  BSCS  Biol¬ 
ogy  Program  and  a  combination  of  the  two  dimensions  of  the  LBDQ,  Initiating 
Structure  and  Consideration,  was  found  not  to  be  statistically  significant. 

Friday  Afternoon,  March  10 

SEA  GRANT  IN  TEXAS:  IMPACT  ON  EDUCATION— R.  D.  Anderson,  Texas 
A&M  University,  College  Station. 

Texas  A&M  University,  one  of  the  nation’s  first  Sea  Grant  Colleges,  has  devel¬ 
oped  a  program  to  promote  the  wise  development  of  marine  resources  through  edu¬ 
cation,  research,  and  advisory  services.  Long  recognized  for  its  marine  research 
and  extension  activities,  Texas  A&M  University  has  also  paid  particular  attention 
to  the  initiation  of  new  and  innovative  marine  educational  programs.  Short  courses, 
workshops,  conferences,  seminars,  and  summar  institutes  have  been  implemented  to 
complement  the  academic  programs  at  the  undergraduate  and  graduate  level.  With 
assistance  from  the  Texas  A&M  Sea  Grant  Program,  the  University  of  Houston  and 
Texas  A&I  University  have  developed  new  educational  programs.  Galveston  Col¬ 
lege,  Brazosport  College,  Del  Mar  College,  and  Texas  State  Technical  Institute  have 
participated  through  development  of  technician  training  activities.  Working  in  coop¬ 
eration  with  the  Region  II  Service  Center  in  Corpus  Christi,  Texas  A&M’s  Sea 
Grant  Program  has  become  increasingly  concerned  with  public  education.  The  Sea 
Grant  Program  is  expected  to  continue  its  efforts  to  initiate  and  develop  relevant 
programs  in  marine  affairs  in  Texas.  The  overall  concern  for  relevant  marine  edu¬ 
cation  at  all  levels  can  be  expected  to  increase  the  Sea  Grant  program’s  efforts  in  this 
area. 

AERO  SPACE  EDUCATION  IN  THE  SECONDARY  SCHOOLS  OF  TEXAS— 
A.  I.  Martin,  AF-CAP-RLO,  U.S.  Naval  Air  Station,  Dallas. 

UNDERGRADUATE  RESEARCH  PARTICIPATION  AT  TEXAS  WOMEN’S 
UNIVERSITY  (1963-1972) — A.  W.  Cockerline,  Texas  Women’s  University, 
Denton. 

INFLUENCE  OF  THE  COOPERATIVE  COLLEGE  SCHOOL  SCIENCE  PROJECT 
IN  PHYSICAL  SCIENCE  AT  ASU  ON  THE  TEACHING  OF  NINTH 
GRADE  SCIENCE — H.  R.  Dawson,  Angelo  State  University,  San  Angelo. 
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A  SEMINAR-SYMPOSIUM  APPROACH  FOR  TEACHING  ENVIRONMENTAL 
IMPACT  ANALYSIS — J.  R.  Singer  and  G.  H.  Weaver,  Stephen  F.  Austin 
State  University,  Nacogdoches. 

A  TECHNOLOGICAL  FUNCTIONS  MATRIX  FOR  FOREST  WATERSHED 
EDUCATION — J.  R.  Singer,  Stephen  F.  Austin  State  University,  Nacogdoches. 

TOMORROW’S  SCIENTISTS  AND  ENGINEERS  PROGRAM— A  STUDENT 
PROGRAM  OF  THE  NATIONAL  SCIENCE  TEACHERS  ASSOCIATION— 
P.  J.  Cowan  and  D.  Wall,  North  Texas  State  University,  Denton. 

AUDIO-TUTORIAL  PROGRAMS  FOR  ALL  INTRODUCTORY  SCIENCE  PRO¬ 
GRAMS  IN  A  NEW  MAJOR  UNIVERSITY— D.  D.  Davis,  University  of 
Texas  at  San  Antonio,  San  Antonio. 

AN  AUDIO-TUTORIAL  LABORATORY  FOR  NON-SCIENCE  MAJORS— R.  A. 
Gerdes,  Texas  Women's  University,  Denton. 

Learning  for  the  student  can  be  difficult  or  easy;  this  often  depends  upon  motiva¬ 
tions.  More  often,  it  depends  upon  the  teaching  the  student  receives.  Thus,  an  im¬ 
portant  part  of  modern  teaching  is  the  explorations  of  new  methods.  Without  ex¬ 
cessive  expense,  an  audio-tutorial  learning  center  was  established  at  The  Texas 
Woman’s  University  to  test  the  “A-T”  method  with  freshman  non-science  majors. 
Cassette  tape  recorders  were  used  to  provide  instructional  materials.  Observation 
and  participation  stations  were  utilized  to  involve  each  student  under  the  supervision 
of  a  lab  instructor. 

To  date  this  method  has  produced  superior  results  to  the  regular  laboratories. 
This  success  is  due  to  student’s  personal  contact  with  the  material,  expanded  teach¬ 
ing  materials,  and  the  opportunity  for  the  student  to  return  to  unclear  points.  We 
must  not  ignore,  however,  the  possibility  that  the  results  may  be  due  to  the  en¬ 
thusiasm  and  care  given  to  preparing  the  laboratory. 

THE  DOCTOR  OF  EDUCATION  IN  THE  COLLEGE  TEACHING  OF  CHEM¬ 
ISTRY:  A  NEW  TEACHING  DEGREE  AT  ETSU — K.  R.  Ashley,  East  Texas 
State  University,  Commerce. 

GEOLOGICAL  FIELD  STUDY  PROGRAM  FROM  DOWNTOWN  CAMPUS— 
D.  R.  Lokke,  El  Centro  College,  Dallas. 

EARTH  SCIENCE  AND  THE  MIDDLE  SCHOOL— R.  L.  Meeks,  Eisenhower 

Middle  School,  San  Antonio. 

Saturday  Morning,  March  1 1 


THE  NATURE  OF  THE  ELECTRON:  A  LABORATORY  EXERCISE  ON 
ATOMIC  THEORY — R.  L.  Nemen,  North  Texas  State  University,  Denton. 

SCIENCE  FRAMEWORK,  K-12 — C.  S.  Story,  Texas  Education  Agency,  Austin. 
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A  REPORT  ON  CURRENT  ACTIVITIES  OF  THE  COMMITTEE  ON  THE 
UNDERGRADUATE  PROGRAM  IN  MATHEMATICS— L.  L.  Clarkson, 

T exas  Southern  University,  Houston . 

TEXAS  STUDY  OF  PUBLIC  SCHOOL  INSTRUCTIONAL  RESOURCES— A.  F. 
Peters,  Texas  Education  Agency,  Austin. 

TEACHING  STRATEGIES  AND  THE  ACHIEVEMENT  OF  AIMS  FOR 
SCIENCE  EDUCATION — J.  M.  Hicks,  Austin  Freshman  School,  Midland. 

AFFECTING  A  CREATIVE  CLIMATE  IN  HIGH  SCHOOL  IN  TEXAS 
THROUGH  RESEARCH  OPPORTUNITY— A.  E.  Hughes,  Sam  Houston 
State  University,  Huntsville. 

OBJECT  VISUALIZATION  ABILITY  AND  SUCCESS  IN  ORGANIC  CHEM¬ 
ISTRY — H.  D.  Harlan,  Angelo  State  University,  San  Angelo. 

TEXAS  EDUCATION  AGENCY  LIFE  SCIENCE  GUIDE— J.  J.  Huckestein,  Texas 
Education  Agency,  Austin. 

UNIVERSITY  OF  PLANO  ENVIRONMENTAL  STUDIES  PROGRAM  IN 
BAJA  CALIFORNIA  SUR,  MEXICO— D.  H.  Lokke,  University  of  Plano , 
Plano. 

DEVELOPING  ENVIRONMENTAL  EDUCATION  THROUGH  COOPERATIVE 
EFFORTS — J.  L.  Wilson,  University  of  Texas  at  El  Paso,  El  Paso. 

ENVIRONMENTAL  EDUCATION:  AN  INTERDISCIPLINARY  DESIGN— C. 
A.  Hardy,  North  Texas  State  University,  Denton . 

ENVIRONMENTAL  CHEMISTRY  FOR  NON-SCIENCE  MAJORS— C.  K.  Cash 
and  M.  Attrep,  East  Texas  State  University,  Commerce. 

THE  NATURE  OF  THINGS  ENVIRONMENTAL— R.  J.  Baldauf,  Texas  A&M 
University,  College  Station. 


ERRATUM 


The  following  abstract  is  printed  in  full  to  correct  a  gross  editorial 
error  in  Volume  23,  Number  4,  pp.  569-7 1 . 

CORRESPONDENCE  OF  COASTAL  TERRACES  WITH  INLAND  SURFACES 
IN  TEXAS,  LOWER  BRAZOS  AND  COLORADO  VALLEYS.  Six  coastal  terraces 
of  Pleistocene  age,  each  approximating  the  depositional  top  of  a  corresponding  body 
of  sediments,  can  be  distinguished  in  the  region  between  San  Bernard  River  on  the 
west  and  San  Jacinto  River  and  Galveston  Bay  on  the  east.  These  can  be  discrimi¬ 
nated  most  clearly  by  the  pattern  of  meander-belt  and  deltaic-distributary  ridges 
which  show  up  particularly  well  on  topographic  maps  of  Harris  and  Galveston 
Counties  with  one-foot  contour  interval  prepared  more  than  50  years  ago.  The  ter¬ 
races  recognizable  in  this  way  differ  from  the  traditional  Willis-Lissie-Beaumont 
sequence  in  that: 

(1)  The  Willis  Formation  appears  to  represent  deeply-weathered  Goliad  (Pliocene) 
material  redeposited  by  small  local  streams.  This  reinterpretation  makes  the 
Willis  equivalent  to  the  Williana  Formation  of  H.  N.  Fisk  (1938,  1940)  and 
distinguishes  it  clearly  from  the  Goliad. 

(2)  The  Bentley  Formation  occupies  the  coastal  margin  of  the  outcrop  belt  regarded 
generally  as  Willis,  being  essentially  equivalent  to  the  Hockley  Mound  Sand 
Member  of  the  original  Willis  as  defined  by  John  Doering  (1935) . 

(3)  The  Beaumont  is  divisible  into  three  units,  the  Oberlin  and  Eunice  Formations 
of  Doering  (1956)  and  a  less  extensive  unit  between  that  is  referred  to  pro¬ 
visionally  as  the  Almeda. 

This  sequence  appears  identical  to  that  recognized  in  Louisiana  by  Fisk  except 
that  in  this  region  of  less  subsidence  his  Prairie  Formation  is  seen  to  consist  of  three 
offlapping  units  (which  are  presumed  to  be  entirely  superposed  in  central 
Louisiana) . 

Each  coastal  terrace  can  be  traced  without  excessive  interruption  into  a  corre¬ 
sponding  river  terrace  along  the  lower  Brazos  valley,  except  that  the  Willis  is  not 
confined  to  any  present  or  former  valley.  Also,  one  additional  latest  Pleistocene  and 
two  Holocene  terraces  present  in  the  lower  part  of  the  valley  lack  coastwise  equi¬ 
valents.  An  almost  identical  sequence  of  terraces  occurs  along  the  Colorado  River 
below  Austin  as  described  by  A.  W.  Weeks  (1941,  1945).  His  work  was  reviewed  in 
the  light  of  improved  topographic  map  coverage  as  part  of  a  Master’s  Thesis  by  John 
G.  Parrish  (1969),  who  confirmed  its  essential  accuracy  except  that  Weeks’  Asylum 
terrace  does  continue  to  the  coast  where  it  becomes  the  Lissie  (Montgomery) 
terrace.  Those  names  which  Weeks  proposed,  plus  the  older  Asylum  and  Capitol, 
based  on  type  localities  along  the  Colorado  River,  thus  constitute  a  terrace  nomen¬ 
clature  appropriate  for  regional  use.  However,  no  Colorado  River  terrace  equivalent 
to  the  provisional  Almeda  coastal  terrace  was  recognized  by  Weeks  or  Parrish. 
Except  for  that,  and  the  proposed  reinterpretation  of  the  Willis,  the  correlation  of 
Brazos  River  terraces  that  follows  is  the  same  as  that  which  Parrish  arrived  at  inde¬ 
pendently  for  the  Colorado  River.  Parenthetical  figures  are  terrace  slopes  in  feet 
per  mile. 

Weeks’  Willis  terrace  is  regarded  as  essentially  a  dip  slope  of  the  Goliad  Forma¬ 
tion  (Pliocene,  13.4)  and  his  Gay  Hill  terrace  (6.65)  is  equivalent  to  the  Willis  as 
reinterpreted  herein.  The  Bastrop  Park  terrace  (4.7)  continues  into  the  Bentley 
coastal  terrace  (and  the  “landward  Willis”  outcrop  belt  of  S.  Aronow  1968),  the 
Asylum  (3.1)  continues  into  Lissie  (equals  Montgomery),  and  the  Capitol  terrace 
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(2.7)  becomes  Oberlin  along  the  coast,  all  without  interruption  except  for  minor 
stream  dissection.  A  river  terrace  equivalent  to  the  provisional  Almeda  coastal  ter¬ 
race  occurs  intermittently  up  the  Brazos  to  at  least  15  miles  above  Navosota  where 
dissection  makes  it  difficult  to  discriminate  from  the  next-lower  Sixth  Street  terrace. 
Week’s  Sixth  Street  terrace  (2.45)  passes  beneath  the  Holocene  Riverview  terrace 
above  Hempstead  and  reappears  downstream  across  the  river  east  of  Richmond  as 
the  Eunice  coastal  terrace,  and  the  latest  Pleistocene  First  Street  terrace  passes 
beneath  the  Riverview  terrace  above  Bryan  and  does  not  reappear  at  the  surface 
downstream  along  the  Brazos  Valley  (nor  probably  along  the  lowest  Colorado 
valley  either).  Weeks’  Riverview  terrace  (1.80)  is  the  early  Holocene  “floodplain,” 
and  the  Sand  Beach  (1.65)  terrace  seems  to  be  a  new  and  lower  “floodplain”  that 
is  just  beginning  to  develop. 

The  terraces  along  the  lower  Brazos  River  display  remarkable  structural  deforma¬ 
tion  not  recognized  along  the  Colorado,  perhaps  because  the  Brazos  follows  the  “salt 
strait”  connecting  the  Coastal  and  Interior  salt  dome  basins.  In  addition  to  local 
effects  on  the  Holocene  terraces  around  at  least  eight  active  salt  domes,  the  Pleisto¬ 
cene  terraces  are  notably  displaced  by  four  parallel-to-coast  normal  fault  zones,  most 
(or  all?)  of  which  show  some  evidence  of  active  movement  at  present.  Of  these  only 
the  Millican  Fault  Zone  (B.  C.  Renick  1936)  above  Navasota  is  up-to-coast,  and 
upstream  from  it  the  landward  divergence  and  slope  of  the  terraces  are  sharply 
reduced,  marking  the  Pleistocene  margin  of  the  Gulf  Coast  Geosyncline.  The  dis¬ 
appearance  of  the  Sixth  Street  and  First  Street  terraces  beneath  the  Holocene  is 
presumed  to  result  from  basinward  flow  of  salt  and  shale  related  to  the  active  domes 
and  faults.  Also,  the  landward  divergence  of  the  Riverview  and  Sand  Beach  terraces, 
at  a  rate  of  about  0.15  feet  per  mile,  apparently  reflects  continued  Gulfward  tilting 
since  the  Sand  Beach  terrace  began  to  form  while  sea  level  was  approaching  its 
present  position  perhaps  10,000  years  ago. — By  DeWitt  C.  Van  Sicklen,  University 
of  Houston. 


Abstracts  of  the  Third  Annual  Gulf  Coast 
Molecular  Biology  Conference 

January  28-30 ,  1972 

Sheraton-Marina  Inn ,  Corpus  Christi,  Texas 

THIRD  ANNUAL  GULF  COAST  MOLECULAR  BIOLOGY  CONFERENCE 
The  Conference  was  held  at  the  Sheraton-Marina  Inn,  Corpus  Christi,  Texas 
78401,  on  January  28-30,  1972.  Participants  at  the  Conference  numbered  78  and 
represented  the  following  Institutes:  North  Texas  State  University,  Denton,  Texas; 
Kansas  State  University,  Manhattan,  Kansas;  Louisiana  State  University,  Baton 
Rouge,  Louisiana;  Baylor  College  of  Medicine,  Houston,  Texas;  Texas  A&M  Univer¬ 
sity,  College  Station,  Texas;  University  of  British  Columbia,  Vancouver,  Canada; 
Rice  University,  Houston,  Texas;  University  of  Texas  at  Dallas,  Texas;  Texas  Tech 
University,  Lubbock,  Texas;  University  of  Texas  at  Austin,  Texas;  University  of 
Texas,  M.  D.  Anderson  Hospital,  Houston,  Texas;  University  of  Texas  Medical 
School  at  San  Antonio,  Texas;  University  of  Texas  Medical  School  at  Galveston;  and 
University  of  Houston,  Texas. 

The  Meeting  produced  some  quality  papers  and  the  Presiding  Chairman  kept 
each  Section  on  time.  From  the  demands  received  so  far  for  reprints  of  the  1971 
Conference  apparently  not  everyone  knew  of  the  Conference.  Reprints  are  available, 
now  as  Xerox  copies,  and  may  be  obtained  by  sending  a  request  card  to  me.  We 
extend  a  cead  mile  failte  to  all  of  you  to  come  back  to  glorious  Corpus  Christi  next 
year.  Again  I  wish  to  extend  my  sincere  thanks  and  appreciation  to  the  Editor  and 
Staff  of  the  Texas  Journal  of  Science.  Eventually  I  would  like  if  each  presentation 
in  toto  would  be  published  in  one  single  issue  of  the  Journal;  reprints  would  be 
ordered  individually  to  pay  for  such  Proceedings. 

Gerard  A.  O’Donovan 
Conference  Chairman 
Texas  A&M  University 

STUDIES  ON  HUMAN  TRIOSE  AND  HEXOSEPHOSPHATE  ISOMERASES. 
— R.  W.  Gracy*,  T.  H.  Sawyer,  R.  M.  Snapka,  and  D.  M.  Payne,  Department 
of  Chemistry,  North  Texas  State  University,  Denton,  Texas  76203. 

Autosomally  linked  genetic  diseases  which  are  characterized  by  severe  anemias 
and  developmental  retardation  result  from  the  synthesis  of  aberrant  forms  of  trio- 
sephosphate  isomerase  (TPI)  and  phosphoglucose  isomerase  (PGI).  Thus,  it  is  of 
interest  to  characterize  the  normal  enzymes  from  human  tissues  for  comparison 
with  the  abnormal  proteins.  TPI  has  been  isolated  in  crystalline  form  from  both 
human  heart  and  erythrocytes.  The  enzyme  is  a  dimer  (MW=56,000)  and  can 
be  resolved  into  three  forms  by  electrofocusing.  The  variants  appear  to  represent 
true  isoenzymes  of  the  type  AA,  AB,  and  BB.  The  same  form  predominates  in  hu¬ 
man  brain,  liver,  kidney,  heart  and  erythrocytes.  PGI,  also  a  dimer  (MW- 120,000), 
exists  as  a  single  electrophoretic  form  but  is  easily  oxidized  into  multiple  electro¬ 
phoretic  forms  with  catalytic  activity.  Both  TPI  and  PGI  have  been  encapsulated 
in  nylon  microcapsules  and  retain  their  catalytic  activity.  The  normal  and  encap- 
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sulated  enzymes  have  been  characterized  by  several  catalytic,  chemical,  and  im¬ 
munological  criteria. 

(Supported  by  grants  from  USPHS  (AM  14638)  and  NTSU  Faculty  Research). 

POSSIBLE  PRECURSOR  RELATIONSHIP  OF  PHENYLALANINE  ISOAC- 
CEPTING  tRNA’s  IN  ESCHERICHIA  COLI  TREATED  WITH  CHLOR¬ 
AMPHENICOL  — C.  Hedgcoth*,  H.  Juarez,  and  A.  C.  Skjold,  Department  of 
Biochemistry ,  Kansas  State  University,  Manhattan,  Kansas  66502. 

Because  previous  work  has  shown  that  tRNA  synthesized  during  treatment  of 
E.  coli  with  chloramphenicol  (CP)  is  deficient  in  dihydrouridine,  we  studied  the 
effect  of  CP  treatment  on  chromatographic  profiles  of  phenylalanyl-tRNA  on 
benzoylated  DEAE-cellulose.  Normal  tRNA  for  phenylalanine  has  a  major  species 
(peak  II)  and  two  minor  species  (peaks  I  and  III).  CP  tRNA  from  strain  15T-  has 
new  peaks  IV  and  V  with  V  predominating.  The  amounts  of  peaks  IV  and  V  can  be 
altered  by  withholding  growth  requirements  and  by  chemical  modification  in  vitro . 
Data  indicate  the  absence  of  the  2-methylthio -moiety  from  2-methyl thio-N6-iso- 
pentenyladenosine  (MeSiPAdo)  of  peak  IV.  Removal  of  the  isopentenyl  moiety 
from  peak  IV  by  permanganate  oxidation  does  not  give  peak  V  which  appears 
resistant  to  permanganate  oxidation.  Permanganate  oxidation  of  the  normal  peak  II 
produces  an  increase  in  peak  I.  Thus,  peak  V  appears  to  be  deficient  in  the  iso¬ 
pentenyl  moiety  of  MeSiPAdo  and  at  least  one  or  two  other  modifications.  Growth 
of  cells  on  limiting  amounts  of  iron,  causes  the  accumulation  of  peak  IV.  Addition 
of  CP  to  such  cells  causes  the  accumulation  of  peak  V.  The  data  provide  a  basis  for 
predicting  a  normal  route  of  processing  of  phenylalanine  tRNA:  peak  V  to  peak  IV 
to  peak  II.  (Supported  by  NSF  grant  GB-18024). 

PRECURSOR  SPECIFICITY  FOR  POLY-/LHYDROXYBUTYRIC  ACID  SYN¬ 
THESIS  IN  AZOTOBACTER  V1NELANDII — G.  D.  Cagle,  G.  C.  Skinner,  G. 

R.  Vela,*  Departments  of  Biology  and  Chemistry,  North  Texas  State  Univer¬ 
sity,  Denton,  Texas  76201. 

Azotobacter  vinelandii  will  survive  for  long  periods  of  time  in  a  “resting-cell,r 
condition  characterized  by  round,  non-motile  pleomorphic  cells.  There  are  few,  if 
any,  cysts  in  such  cultures  but  the  addition  of  0.3%  n -butanol  results  in  conversion 
of  the  resting  cells  to  the  cyst  form.  It  appears  that  only  butanol,  /Lhydroxybutyric 
acid,  and  R-amino- butyric  acid  serve  as  precursors  for  the  production  of  typical,  re¬ 
sistant  cysts  while  anal  of  butanol  and  related  substances  are  inactive.  Butyrate,, 
butyraldehyde,  and  /Lpropionolactone  do  not  serve  as  precursors  for  poly-/?-hy- 
droxybutyric  acid  synthesis  and  do  not  induce  cyst  formation  while  acetoacetate, 
y-hydroxybutyric  acid,  crotonic  acid,  pentanol,  octanol,  and  nanol  support  poly-/L 
hydroxybutyric  acid  synthesis  and  cyst  formation  but  the  cysts  are  not  typically  re¬ 
sistant. 

This  is  a  preliminary  report  and  metabolic  relationships  are  not  yet  clearly  evi¬ 
dent. 

CARBOHYDRASES  OF  ALCAL1GENES  FAECALIS  (ATCC  21400)— E.  O.  Smith 
and  V.  R.  Srinivasan*,  Louisiana  State  University,  Baton  Rouge,  Louisiana 
70803. 

/Lglucosidase  and  /Lgalactosidase  activities  are  induced  simultaneously  in  whole 
cells  of  Alcaligenes  faecalis  ATCC  21400  by  either  lactose  of  cellobiose.  Studies 
were  undertaken  to  ascertain  whether  one  protein  is  responsible  for  both  carbo- 
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hydrase  activities  or  whether  each  activity  resides  in  a  separate  protein.  Induction 
studies  showed  that  salicin,  a  gratuitous  inducer,  preferentially  induces  /Lgluco- 
sidase  activity.  Nitrosoguanidine  induced  mutants  which  did  not  utilize  lactose  were 
isolated;  these  mutant  strains  possessed  /?-glucosidase  to  /3-galactosidase  ratios  which 
differed  significantly  from  those  in  the  wild-type  strain  inducible  by  the  same  carbo¬ 
hydrate.  Heat  inactivation  studies  on  whole  cell  extracts  showed  bimodal  kinetics. 
The  /Lglucosidase  was  purified  by  gel  filtration  of  protein  extracted  by  gentle  soni- 
cation  of  osmotically  shocked  cells.  The  elution  profile  of  the  gel  filtration  column 
showed  two  enzymatically  active  peaks,  one  of  which  corresponded  with  the  Al- 
caligenes  /?-glucosidase  purified  by  Han  and  Srinivasan  (1969).  The  specific  activity 
of  the  /3-glucosidase  peak  was  1,950  units  per  gram  of  protein.  These  data  therefore 
demonstrate  the  presence  of  two  separate  carbohydrases  in  Alcaligenes  faecalis 
ATCC  21400,  with  different  specificities  towards  /Lglucosides  and  /3-galactosides. 

PHYSICAL  PROPERTIES  OF  SP-15  BACTERIOPHAGE  DNA — D.  Inners*,  C.  R. 
Chuang  and  M.  Mandel,  Dept,  of  Biology ,  University  of  Texas  M.  D.  Anderson 
Hospital  &  Tumor  Institute ,  Houston,  Texas  77025. 

The  nucleic  acid  of  the  B.  suhtilis  bacteriophage  SP-15  is  known  to  be  charac¬ 
terized  by  an  unusually  high  buoyant  density  in  CsCl  and  an  anomalous  melting 
temperature  which  is  far  below  that  expected  on  the  basis  of  its  chemically  deter¬ 
mined  G+C  content  (Tyeryar  et  al.,  1969).  We  have  found  other  physical  prop¬ 
erties  of  the  DNA  to  be  equally  unusual,  indicating  glucosylation,  partial  replace¬ 
ment  of  thymine  by  an  unusual  base  and  other  possible  modifications  of  the  primary 
structure.  SP-15  DNA  exhibits  salt  dependence  of  its  hypochromicity  even  at  rela¬ 
tively  high  sodium  ion  concentrations.  This  fact  is  reflected  in  melting  profiles 
measured  at  various  salt  concentrations  as  well  as  in  the  analysis  of  ultraviolet  ab¬ 
sorbance  spectra.  Furthermore,  the  dependence  of  melting  temperature  on  salt  con¬ 
centration  is  unusually  steep.  The  circular  dichroism  of  native  SP-15  DNA  is  unlike 
any  common  DNA  or  RNA,  although  the  presence  of  a  reduced  and  red-shifted  peak 
at  280  nm  suggests  extensive  glucosylation.  This  has  been  borne  out  by  saccharide 
analysis.  CD  spectra  of  SP-15  DNA,  denatured  either  by  high  temperatures  or  by 
alkali,  on  the  other  hand,  are  surprisingly  similar  to  denatured  DNA  from  other 
sources.  It  appears  that  the  secondary  structure  of  SP-15  DNA  differs  significantly 
from  that  of  common  DNAs  as  a  result  of  its  altered  primary  structure. 

REMOVAL  OF  MNT  REPRESSION  IN  PROPHAGE  P22  OF  SALMONELLA 
TYPH 1 MURIUM — J.  V.  Scott*  and  M.  Gough,  Department  of  Microbiology , 
Baylor  College  of  Medicine,  Houston,  Texas  77025. 

Prophage  P22  mnt  ts  1  is  inducible  by  high  temperatures,  although  phage  produc¬ 
tion  does  not  occur  unless  the  culture  is  shifted  to  low  temperature.  Exposure  of  the 
lysogen  to  43  C  followed  by  plating  at  30  C  or  25  C  results  in  a  decrease  of  colony 
forming  units  with  time  at  43  C  and  a  corresponding  rise  in  infective  centers.  In 
liquid  cultures  at  43  C  the  lysogenic  cells  become  filamentous  but  do  not  lyse.  A 
subsequent  shift  to  35  C  causes  lysis  and  phage  production.  Phage  DNA  is  syn¬ 
thesized  in  mnt  ts  1  lysogens  at  high  temperature,  indicating  that  c2  repression  of 
phage  DNA  genes  is  lifted.  Products  of  structural  genes  are  not  evident  in  cells  at 
high  temperature.  The  block  in  phage  production  at  43  C  appears  to  be  after  DNA 
synthesis  and  before  late  genes  are  activated. 
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THE  ROLE  OF  THE  RUDIMENTARY  LOCUS  IN  PYRIMIDINE  BIOSYNTHE¬ 
SIS  IN  DROSOPHILA  MELANOGASTER—S.  Norby,  Department  of  Bio¬ 
chemistry  and  Biophysics,  Texas  A&M  University,  College  Station,  Texas 
77843. 

The  levels  of  aspartate  carbamyl  transferase  have  been  investigated  in  48-72 
hours  old  larvae  of  four  selected  strains  of  rudimentary  mutants  of  Drosophila 
melanogaster  and  in  larvae  of  Oregon  wild  type. 

Less  than  5%  of  the  wild  type  level  of  the  enzyme  was  found  in  larvae  of  the 
non-complementing  r°  strain.  Activity  was  barely  detectable  in  the  r54c  strain, 
whereas  larvae  carrying  the  r39k  or  the  r3719  allele,  both  complementing  r54c,  were 
found  to  have  high  levels  of  this  enzyme. 

When  viewed  together  with  the  previous  finding  that  rc  larvae  have  a  nutritional 
requirement  for  pyrimidines,  that  may  be  satisfied  by  the  precursor  carbamyl 
aspartate,  and  with  the  known  mapping  and  complementation  properties  of  various 
rudimentary  alleles,  these  results  indicate  that  the  rudimentary  locus  comprises  the 
structural  genes  for  the  first  two  enzymes  in  the  pyrimidine  biosynthetic  pathway, 
i.e.  carbamyl  phosphate  synthetase  and  aspartate  carbamyl  transferase. 

[Supported  by  Robert  A.  Welch  Foundation  Grant  (A-382)]. 

THYMIDINE  REQUIRING  AUXOTROPHS  OF  PSEUDOMONAS  ACIDOVO- 
RANS — R.  A.  Kelln*  and  R.  A.  J.  Warren,  Department  of  Microbiology,  Uni¬ 
versity  of  British  Columbia,  V ancouver  8,  B.C.,  Canada. 

A  prerequisite  to  the  isolation  of  thymine  requiring  (T-)  auxotrophs  in  micro¬ 
organisms  is  the  presence  of  enzymes  capable  of  converting  exogenous  thymine  to 
2'-deoxythymidine  5 '-monophosphate  (dTMP).  Thymidine  phosphorylase  ( tpp ),  an 
enzyme  common  to  many  microorganisms,  carries  out  the  reaction:  thymidine  + 
Pi  thymine  +  deoxyribose-1 -phosphate.  Lactobacilli  lack  tpp  but  have  an  alternate 
method  for  the  production  of  thymidine  (TdR)  from  thymine.  A  trans-N-deoxy¬ 
ribosylase  performs  the  reaction:  base1  +  base2 — deoxyriboside  ^  base1 — deoxyribo- 
side  +  base2.  The  TdR  can  be  converted  to  dTMP  via  thymidine  kinase  ( tdk ).  An 
organism  having  neither  tpp  nor  trans-N-deoxyribosylase  would  be  unable  to  convert 
thymine  to  the  nucleotide  level  and  this  would  negate  the  isolation  of  T-  mutants. 
However,  thymidine  requiring  (TdR-)  auxotrophs  would  remain  a  possibility,  pro¬ 
viding  the  organism  has  a  functional  tdk.  A  direct  method  for  the  isolation  of  TdR- 
mutants  in  Pseudomonas  acidovorans  has  been  devised.  The  primary  isolates 
required  high  concentrations  (500  yxg/ml)  of  TdR  for  growth.  Enzyme  assays  con¬ 
firmed  that  the  mutation  resided  in  thymidylate  synthetase.  A  thymidineless  death 
experiment  produced  typical  results.  Mutants  able  to  grow  at  50  ^g/ml  TdR  have 
been  isolated.  A  strict  requirement  for  thymidine  has  been  observed.  The  inability  of 
thymine  to  substitute  for  TdR  probably  stemmed  from  a  lack  of  tpp  or  trans-N- 
deoxyribosylase  in  this  organism.  The  absence  of  tpp  may  be  a  general  property  of 
pseudomonads. 

REPRESSING  METABOLITES  OF  THE  PYRIMIDINE  BIOSYNTHETIC 
PATHWAY  IN  SALMONELLA  TYPHIMURIUM—J.  C.  Williams*  and 
G.  A.  O’Donovan,  Department  of  Biochemistry  and  Biophysics,  Texas  A&M 
University,  College  Station,  Texas  77843. 

It  has  been  shown  in  S.  typhimurium  by  Abl-El-Al  and  Ingraham  that  arginine 
and  cytidine  triphosphate  (CTP)  but  not  uridine  triphosphate  (UTP)  are  repress¬ 
ing  metabolites  for  PyrA ,  the  gene  which  specifies  carbamyl  phosphate  synthetase  ; 
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while  CTP  and  UTP  were  the  repressing  metabolites  for  pyrB,  the  gene  specifying 
aspartate  transcarbamylase  (ATCase).  The  four  enzymes  which  convert  carbamyl 
aspartate  to  uridine-5 '-monophosphate,  namely  dihydroorotase  ( pyrC ),  dihydro- 
orotate  dehydrogenase  (pyrD),  orotidine-5 '-phosphate  pyrophosphorylase  (pyrE), 
and  orotidine-5 '-phosphate  decarboxylase  ( pyrF )  appear  to  be  regulated  in  a  unique 
way.  This  paper  presents  evidence  that  UTP,  CTP,  and  arginine  are  involved  in  the 
repression  of  the  pyrimidine  enzymes.  A  specially-constructed  strain  of  S.  typhi- 
murium  HD  1043,  requiring  arginine,  uridine  and  cytidine  together  with  its  wild 
type,  were  tested  for  repression  and  derepression  under  various  conditions  of  growth, 
by  assaying  the  above  enzymes.  The  results  were  confirmed  by  quantitatively 
measuring  the  endogenous  nucleotide  pools  (e.g.  UTP)  under  the  same  conditions 
of  growth.  It  was  shown  that  the  synthesis  of  each  enzyme  was  repressed  but  the 
pattern  of  repression  varied  from  enzyme  to  enzyme.  For  example  ATCase  had 
UTP  as  its  primary  repressing  metabolite,  with  CTP  and  arginine  giving  secondary 
repression.  DHOdehase,  was  repressed  primarily  by  CTP,  with  secondary  repres¬ 
sion  by  UTP  and  arginine.  No  coordinacy  was  evident.  These  facts  and  the  recent 
notion  that  no  specific  apo-repressor  may  exist  for  any  biosynthetic  pathway  will  be 
discussed. 

[Supported  by  Robert  A.  Welch  Foundation  Grant  (A-382)]. 

STABILITY  OF  CYTOSINE-CONTAINING  DNA  AFTER  INFECTION  BY 
CERTAIN  T4  rll-D  DELETION  MUTANTS— R.  Bruner,*  A.  Souther  and  S. 
Suggs,  Department  of  Biology,  Rice  University ,  Houston,  Texas  77001. 

When  T-even  phage  infect  Escherichia  coli,  synthesis  of  host  DNA  rapidly  ceases. 
If  the  phage  carry  a  mutation  in  a  gene  essential  for  phage  DNA  synthesis,  then  the 
infected  bacteria  should  make  no  DNA,  either  host  DNA  or  phage  DNA.  However, 
we  have  found  that  infection  with  certain  T4  gene  56  (dCTPase)-rll  double  mu¬ 
tants  leads  to  substantial  DNA  synthesis.  Only  rll  deletion  mutations  which  extend 
into  the  middle  third  of  the  adjacent  D  region  lead  to  the  anomalous  DNA  syn¬ 
thesis,  when  combined  with  a  gene  56  mutation;  the  requirement  probably  is  that 
the  deletion  extend  into  the  D2a  transcriptional  unit  identified  by  Sederoff,  Bolle 
and  Epstein  (Virology  45:  440-455,  1971).  Genetic  evidence  indicates  that  the  ob¬ 
served  anomalous  DNA  synthesis  is  synthesis  of  phage  DNA.  We  suggest  that  the 
D2a  region  controls — directly  or  indirectly — a  nuclease  involved  in  the  breakdown 
of  cytosine-containing  DNA.  In  the  absence  of  the  D2a  product,  the  cytosine- 
containing  phage  DNA  made  by  the  gene  56  mutant  is  stabilized.  It  is  interesting 
to  note  that  the  rll  region  itself  has  also  been  implicated  in  the  control  of  deoxy¬ 
ribonuclease  activities  (Krisch,  et  al J.  Virology  7:  491-498,  1971) . 

RIBONUCLEIC  ACID  SYNTHESIS  IN  ESCHERICHIA  COLI  B/n  I.  AN 
ANALYSIS  OF  A  NUTRITIONAL  SHIFT-UP— H.  Bremer*  and  P.  Dennis, 
Division  of  Biology,  The  University  of  Texas  at  Dallas,  P.  O.  Box  30365,  Dallas, 
Texas  75230. 

Following  a  nutritional  shift-up  in  the  bacterium  E.  coli,  the  rate  of  synthesis  of 
stable  RNA  increases  abruptly;  in  contrast  the  rate  of  protein  synthesis  increases 
slowly  only  in  proportion  to  the  increase  in  the  number  of  ribosomes.  At  any  instant 
the  rate  of  stable  RNA  synthesis  per  genome,  rs,  is  equal  to  the  product  NpolT-^s-cs, 
where  NpolT  is  the  number  of  active  RNA  polymerase  molecules  per  genome,  is 
the  fraction  of  active  polymerase  transcribing  stable  RNA  genes  and  cg  is  the  chain 
elongation  rate  of  stable  RNA.  In  principle,  the  observed  increase  in  rs  following 
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a  shift-up  could  be  due  to  an  increase  in  any  of  these  three  parameters.  The  pa¬ 
rameters  rs,  ^s,  and  cs  have  been  measured  for  bacteria  growing  in  steady  state  at 
rates  between  0.67  and  2.1  doublings  per  hour  and  immediately  following  a  nutri¬ 
tional  shift-up.  From  the  above  relationship,  NpolT  was  calculated.  The  results  indi¬ 
cate  that  the  increase  in  the  rate  of  RNA  synthesis  following  a  shift-up  is  due  to  an 
increase  in  and  cs  and  not  to  an  activation  or  induction  of  new  polymerase. 
Furthermore,  the  data  imply  that  the  differential  rate  of  RNA  polymerase  synthesis 
(RNA  polymerase/total  protein)  increases  with  the  steady  state  growth  rate.  Thus 
the  genes  for  rRNA  and  tRNA,  for  ribosomal  proteins  and  for  RNA  polymerase 
may  all  be  regulated  in  a  similar  manner,  perhaps  in  response  to  the  intracellular 
concentrations  of  ppGpp. 

RIBONUCLEIC  ACID  SYNTHESIS  IN  ESCHERICHIA  COLI  B/r.  II.  CHAIN 
GROWTH  RATES  FOR  RIBOSOMAL  RNA— P.  Dennis*  and  H.  Bremer,  Di¬ 
vision  of  Biology ,  The  University  of  Texas  at  Dallas ,  P.  O.  Box  30365,  Dallas , 
Texas  75230, 

Rifampicin  specifically  inhibits  initiation  of  transcription  without  affecting  syn¬ 
thesis  of  nascent  RNA  molecules.  In  the  presence  of  the  antibiotic,  the  time  at 
which  [3H]  uridine  can  no  longer  be  incorporated  into  a  unique  class  of  RNA 
molecules  is  equal  to  the  time  required  for  RNA  polymerase  to  transcribe  the  DNA 
from  the  site  of  initiation  to  the  end  of  the  gene  considered.  In  E.  coli,  ribosomal 
RNA  genes  are  most  probably  cotranscribed  with  the  16S,  23S  and  5S  RNA  genes 
occupying  the  proximal,  middle  and  distal  portions  of  the  transcriptional  unit. 
Therefore,  in  the  presence  of  rifampicin  the  time  at  which  [3H]  uridine  can  no 
longer  be  incorporated  into  16S  rRNA  (or  30S  subunits)  corresponds  to  the  synthesis 
time  of  16S  rRNA  while  the  time  at  which  radioactivity  can  no  longer  be  incorpo¬ 
rated  into  23S  and  5 S  rRNA  (or  SOS  subunits)  corresponds  to  the  synthesis  time  of 
the  entire  transcriptional  unit.  For  bacteria  growing  in  succinate  (g  =  0.67),  glucose 
(g  =  1.4)  and  glucose-amino  acids  (g  =  2.10)  medium,  the  ribosomal  RNA  chain 
growth  rates  were  estimated  to  be  4400,  5200,  and  6300  nucleotides  per  min,  or  ap¬ 
proximately  twice  the  chain  growth  rate  reported  for  mRNA  ( —  3000  nucleotides/ 
min).  This  implies  that  at  slow  growth  rates  a  large  fraction  of  the  cellular  RNA 
polymerase  is  involved  in  the  synthesis  of  mRNA;  thus,  following  a  nutritional 
shift-up,  only  a  small  proportion  of  the  total  RNA  polymerase  has  to  be  transferred 
from  unstable  RNA  to  stable  RNA  genes  in  order  to  produce  a  several  fold  increase 
in  the  net  rate  of  RNA  synthesis. 

RECOMBINATION-ASSOCIATED  REPAIR  IN  4-NITROQUINOLINE-l- 
OXIDE-TREATED  BACILLUS  SUBTILIS — A.  D.  Laumbach  and  I.  C.  Felk- 
ner,*  Department  of  Biology ,  Texas  Tech  University,  Lubbock,  Texas  79409. 

The  mutagenic  and  carcinogenic  compound,  4NQO,  will  complex  with  the  DNA 
of  treated  Bacillus  subtilis  cultures,  or  in  vitro  with  transforming  DNA.  Cultures 
of  Hcr+,  Rec+  and  Her-,  Rec+  strains  can  recover  from  4NQO  treatment,  whereas 
Her-,  Rec~  mutants  cannot.  Cells  capable  of  recovery  are  not  sensitized  to  the  action 
of  4NQO  by  post-treatment  with  caffeine,  but  recovery  is  prevented  by  the  addition 
of  chloramphenicol  to  the  post-treatment  growth  medium.  Treatment  of  cultures 
with  4NQO  completely  blocks  DNA  synthesis,  and  post-treatment  recovery  never 
occurs  except  that  DNA  synthesis  is  reinitiated.  It  is  postulated  that  recombination 
repair  according  to  the  model  of  Howard-Flanders  et  al.  (1971)  for  E.  coli ,  is 
involved.  This  would  mean  that  after  discontinuous  DNA  strand  synthesis,  single 
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strand  exchanges  are  induced  by  the  4NQ0-DNA  complexation,  but  that  the 
exchanges  involve  DNA  of  limited  length.  This  recombination  would  yield  the 
undamaged  template  DNA,  necessary  for  recovery. 

SPECIFIC  HYDROLYSIS  OF  MET-tRNAfMet  ON  40S  RETICULOCYTE  RIBO- 
SOMAL  SUBUNITS — J.  Morrisey  and  B.  Hardesty,  Clayton  Foundation  Bio¬ 
chemical  Institute,  Dept,  of  Chemistry,  The  University  of  Texas,  Austin ,  Texas 
78712. 

NaF  blocks  initiation  of  globin  peptides  on  reticulocyte  ribosomes,  apparently  by 
preventing  functional  attachment  of  60S  ribosomal  subunits  to  a  Met-tRNAfMet-40S 
subunit-mRNA  initiation  complex.  Ribosomes  isolated  from  cells  incubated  with 
NaF  bear  tRNAfMet,  most  of  which  is  in  the  deacylated  form.  An  enzyme  removed 
from  rabbit  reticulocyte  ribosomes  by  0.5  M  KC1  has  the  anticipated  properties  that 
might  allow  it  to  cause  deacylation  of  Met-tRNAfMet  bound  to  40S  ribosomal  sub¬ 
units  during  NaF  inhibition.  The  enzyme  releases  methionine  from  Met-tRNAfMet 
bound  to  the  smaller  ribosomal  subunit  in  a  cell-free  assay  system.  The  reaction  is 
dependent  upon  ApUpG  trinucleotide  under  the  assay  conditions  used  and  appears 
to  be  dependent  upon  codon  directed  binding.  Release  of  methionine  from  methionyl- 
tRNAfMet  is  inhibited  by  addition  of  the  larger  ribosomal  subunits  to  the  reaction 
mixture  and  does  not  occur  with  N-acetylmethionyl-tRNA,  methionyl-tRNAMMet,  or 
other  forms  of  aminoacyl-tRNA  tested.  The  reaction  may  be  related  to  the  accumu¬ 
lation  of  deacylated  tRNAfMet  on  ribosomes  isolated  from  reticulocytes  incubated 
with  NaF. 

TRANSCRIPTION  OF  DIFFERENT  CLASSES  OF  REPEATED  DNA  SEQUEN¬ 
CES  IN  HUMAN  LEUKOCYTES— T.  L.  Moore,*  M.  J.  Getz,  and  G.  F. 
Saunders,  Department  of  Developmental  Therapeutics,  The  University  of  Texas 
M.  D.  Anderson  Hospital  and  Tumor  Institute,  Houston,  Texas  77025. 

In  vivo  synthesized  RNA  from  representatives  of  two  series  of  human  leukemic 
leukocytes,  acute  myeloblastic  leukemia  (AML),  and  chronic  lymphocytic  leukemia 
(CLL),  was  studied  with  respect  to  hybridization  specificity  to  human  DNA  bound 
to  nitrocellulose  filters.  Three  kinetic  classes  of  3H  RNA  were  synthesized  in  vitro 
using  E.  coli  RNA  polymerase  and  human  repetitious  DNA  as  template.  The  human 
DNA  fragments  had  been  fractionated  into  families  with  differing  reassociation 
rates.  Single  and  double-stranded  material  was  separated  on  hydroxyapatite  columns. 
Each  class  of  complementary  3H-RNA  thus  synthesized  retains  the  kinetic  speci¬ 
ficity  of  the  DNA  from  which  it  was  transcribed.  In  competition  experiments,  AML 
RNA  competes  completely  with  3H-RNA  synthesized  in  vitro  from  the  most  rapidly 
reassociating  DNA  sequences,  while  CLL  RNA  competes  only  to  the  76%  level. 
When  competed  against  RNA  synthesized  from  intermediate  reassociating  fractions 
of  human  DNA,  the  AML  RNA  and  CLL  RNA  showed  lesser  differences.  There¬ 
fore,  it  appears  that  a  class  or  classes  of  rapidly  reassociating  DNA  sequences  are 
transcribed  in  AML  cells  which  are  not  transcribed  in  CLL  cells. 

OVERLAP  BETWEEN  PHOTOENZYMATIC  REPAIR  AND  UV-DAMAGE 
SPECIFIC  ENDONUCLEASE  ACTIVITY— M.  H.  Patrick*  and  H.  Harm, 
The  University  of  Texas  at  Dallas,  P.  O.  Box  30365,  Dallas,  Texas  75230. 

When  held  in  buffer  prior  to  plating,  UV-irradiated  Escherichia  coli  cells  able  to 
carry  out  excision-resynthesis  repair  (ERR)  show  a  time  dependent  enhancement 
of  survival,  with  a  concommitant  reduction  in  photoreactivability.  Under  these 
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conditions,  the  initial  endonucleolytic  step  is  the  only  one  in  the  ERR  scheme  which 
occurs.  In  vitro  studies,  using  partially  purified  photoreactivating  enzyme  (PRE) 
from  Baker’s  yeast  and  UV-damage  specific  endonuclease  from  Micrococcus  luteus, 
shows  that  restoration  of  marker  activity  by  photoenzymatic  repair  of  irradiated 
Hemophilus  influenzae  transforming  DNA  is  effectively  precluded  by  post-irradia¬ 
tion  incubation  with  the  UV-endonuclease.  Other  studies  show  that  the  nick,  intro¬ 
duced  very  close  to  the  dimer,  interferes  with  the  binding  of  the  PRE  to  the  dimer 
region.  Dimers  are  not  removed,  even  though  the  enzyme — once  bound — does  not 
readily  dissociate.  This  suggests  that  the  photolytic  step  in  photoenzymatic  repair 
is  not  able  to  proceed  on  a  dimer  located  at  or  near  the  end  of  a  strand,  and  that 
cooperative  overlap  in  photoenzymatic  and  dark  repair  depends  on  the  sequence  in 
which  they  occur. 

A  CYANIDE-SENSITIVE  STEP  IN  BACILLUS  SUBTILIS  TRANSFORMA¬ 
TION — M.  K.  LaRue  and  I.  C.  Felkner,*  Department  of  Biology,  Texas  Tech 
University,  Lubbock,  Texas  79409 . 

It  was  reported  by  Strauss  (1970)  that  at  least  one  step  in  transformation  of 
Bacillus  subtilis  168  was  blocked  by  the  addition  of  KCN.  This  energy-dependent 
process,  however,  was  not  elucidated.  This  paper  presents  evidence  that  the  process 
is  one  involved  in  the  transport  of  DNA  to  the  cell  interior.  Addition  of  KCN  to 
competent  populations  did  not  affect  their  viability,  nor  did  it  affect  the  number  of 
already  transformed  cells.  Irreversible  binding  and  exonuclease  degradation  of  DNA, 
accompanied  by  release  of  acid  soluble  fragments,  were  unaffected  by  cyanide. 
Using  donor  [14C]  adenine-labeled  DNA  derived  from  an  adenine-requiring  mutant, 
it  was  shown  by  thin  layer  chromatography,  that  breakdown  products  of  DNA  enter 
the  AMP,  ADP,  and  ATP  pools.  Cyanide  did  not  inhibit  entry  of  DNA-derived 
adenine  into  AMP  or  ADP,  but  prevented  the  conversion  of  ADP  to  ATP.  It  is 
proposed  that  competent  cells  are  deficient  in  adenine,  and  therefore  it  must  be 
supplied  by  the  transforming  DNA  to  meet  the  needs  for  pools  of  the  high  energy 
phosphates. 

IN  VITRO  FORMATION  OF  POLYRIBOSOMES  PROGRAMMED  WITH 
RAUSCHER  LEUKEMIA  VIRUS  RNA — R.  B.  Arlinghaus*,  C.  S.  Wang,  and 
R.  Naso,  The  University  of  Texas  M.  D.  Anderson  Hospital  and  Tumor  Insti¬ 
tute,  Houston ,  Texas  77025. 

A  cell-free  amino  acid  incorporation  system  was  derived  from  Rauscher  leukemia 
virus  (RLV) -infected  mouse  cells  (JLS-V5).  3H-RLV-RNA  extracted  from  purified 
virus  contains  75%  60-705'  RNA  and  25%  4-105  RNA.  3H-RLV-RNA  is  incorpo¬ 
rated  into  405  subunits,  dimer,  trimer,  tetramer,  and  pentamer  polyribosomes  dur¬ 
ing  a  5  min  incubation  at  37 °C  in  the  complete  system.  Similar  results  were  observed  | 
with  heat  denatured  3H-RLV-RNA  (4-405  RNA).  These  polyribosomes  are  not  ; 
formed  in  the  presence  of  10 ~4  M  aurintricarboxylic  acid,  and  1C V3  M  puromycin  j 
causes  a  breakdown  of  these  structures.  The  3H-RLV-RNA  polyribosomes  are  not  | 
observed  in  the  absence  of  either  ribosomal  subunits  or  factors  dissociated  from  j 
JLS-V5  polyribosomes  with  0.85  M  KC1.  The  3H-RLV-RNA-containing  polyribo-  ; 
somes  are  sensitive  to  RNase  and  EDTA.  The  3H-RNA  bound  to  the  polyribosomes 
is  polydisperse  and  can  be  grouped  into  three  classes:  a  505,  a  305,  and  a  10-155  ; 
class.  No  60-705  or  45  RNA  was  bound  to  the  polyribosomes.  Preliminary  studies  i 
with  the  binding  of  ribosomes  to  cellulose  nitrate  filters  indicate  that  the  3H-RLV-  ! 
RNA  is  attached  to  ribosomes  during  cell-free  protein  synthesis  and  the  KC1  wash 
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fraction  stimulates  this  binding.  (Supported  in  part  by  USPHS,  NIH  Grant  AI- 
09869,  and  the  Robert  A.  Welch  Foundation,  G-429). 


BIOSYNTHESIS  OF  2-METHYL-3-AMYL-6-METHOXYPRODIGIOSENE  BY 
SERRAT1A  MARCESCENS  MUTANTS  DEFICIENT  IN  AMINO  ACID 
METABOLISM— R.  H.  Scott*,  S.  M.  H.  Qadri  and  R.  P.  Williams,  Depart¬ 
ment  of  Microbiology ,  Baylor  College  of  Medicine ,  Houston ,  Texas  77025. 

Mutant  CN-1  cannot  use  proline  or  serine  as  a  sole  source  of  carbon  or  nitrogen 
for  growth.  Mutants  35  and  36  are  auxotrophic  for  proline.  As  nonproliferating  cells 
(NPC),  CN-1  is  not  induced  to  pigment  by  proline  but  is  by  histidine  (10  mg/ml) 
or  alanine  (5  mg/ml).  NPC  of  CN-1  incorporate  14C  from  proline  or  alanine  into 
protein  and  prodigiosin.  Mutants  35  and  36  show  maximal  growth  with  100 /tg/ml 
of  proline  but  no  synthesis  of  prodigiosin.  With  1  mg/ml  of  proline,  or  alanine  or 
histidine  plus  proline  (100  gg/ml),  growth  is  not  greater,  but  prodigiosin  is  synthe¬ 
sized.  NPC  of  35  synthesize  prodigiosin  if  proline  (10  mg/ml)  is  added;  proline 
(1  mg/ml)  permits  synthesis  of  a  small  amount  of  prodigiosin,  but  addition  of 
alanine  (5  mg/ml)  or  histidine  (10  mg/ml)  induces  pigmentation  equivalent  to 
proline  (10  mg/ml).  NPC  of  36  behave  like  35  except  that  alanine  (5  mg/ml)  with¬ 
out  proline  induces  pigmentation.  Both  35  and  36  incorporate  14C  from  amino  acids 
that  induce  pigmentation  in  NPC.  All  NPC  of  mutants  require  methionine  (40 
/ig/ml)  or  cysteine  plus  the  inducing  amino  acids.  The  data  suggest:  (1)  proline  is  a 
precursor  of  prodigiosine;  (2)  alanine  and  histidine  contribute  carbon  to  pigment; 
(3)  pigmentation  in  NPC  requires  metabolic  utilization  of  amino  acids;  and  (4) 
sulfhydryl  groups  are  involved  in  induction  of  prodigiosin  of  NPC. 


PURIFICATION  AND  PROPERTIES  OF  AN  AMINO  ACID  AMIDASE  FROM 
ALCAL1GENES  EUTROPHUS —  G.  B.Kitto*  and  J.  P.  Allison,  Clayton 

Foundation  Biochemical  Institute ,  Department  of  Chemistry,  The  University  of 
Texas ,  Austin,  Texas  78712. 

An  L-asparaginase  from  E.  coli  has  proven  useful  in  the  therapy  of  acute  lympho¬ 
blastic  leukemia.  A  major  difficulty,  however,  is  that  continued  therapy  with  this 
enzyme  often  leads  to  a  severe  allergic  response.  The  difficulties  caused  by  such 
hyperimmune  reactions  could  be  overcome  by  switching  to  therapy  with  a  serologi¬ 
cally  unrelated  L-asparaginase.  For  this  reason  we  have  examined  an  L-asparaginase 
produced  by  Alcaligenes  eutrophus  and  have  purified  the  enzyme  to  homogeneity 
by  a  combination  of  polyethylene  glycol  precipitation,  ion-exchange  chromatogra¬ 
phy  and  molecular  sieving.  The  enzyme  is  structurally  similar  to  the  L-asparaginase 
of  E.  coli  in  having  a  tetrameric  structure  of  150,000  molecular  weight.  The  enzymes 
differ  greatly  in  catalytic  properties.  While  E.  coli  asparaginase  has  a  sharp  speci¬ 
ficity  for  L-asparagine,  the  A.  eutrophus  enzyme  also  catalyzes  the  deamidation  of 
L-glutamine  and  D-asparagine  at  high  rates.  The  broad  pH  optima  exhibited  by  the 
Alcaligenes  enzyme  and  its  high  affinity  for  L-asparagine  suggest  that  the  enzyme 
might  be  of  value  as  an  antineoplastic  agent.  Studies  of  the  antineoplastic,  immuno¬ 
suppressive  and  serological  properties  of  the  A.  eutrophus  asparaginase  are  under¬ 
way. 

(Supported  by  American  Cancer  Society  Grant  T-555) . 
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PREPARATION  AND  PROPERTIES  OF  L-ASPARAGINASE  CHEMICALLY 
COUPLED  TO  NYLON  TUBING— J.  P.  Allison*,  A.  Gutierrez-Hartman  and 
G.  B.  Kitto,  Clayton  Foundation  Biochemical  Institute ,  Dept,  of  Chemistry,  The 
University  of  Texas,  Austin,  Texas  78712. 

Bacterial  asparaginases  have  shown  promise  in  the  treatment  of  human  neoplasia. 
A  problem  with  intravenous  administration  of  the  enzyme  results  from  hyper¬ 
immune  sensitization  of  the  patient.  In  order  to  overcome  this  difficulty  we  have 
prepared  an  active  water-insoluble  derivative  of  E.  coli  L-asparaginase  by  linking 
free  amino  groups  of  the  enzyme  to  amino  groups  of  partially  hydrolyzed  nylon 
tubing  via  the  bifunctional  reagent  glutaraldehyde  with  a  view  towards  utilizing 
the  enzyme  tubing  in  an  extracorporeal  shunt.  The  insoluble  enzyme  shows  no 
appreciable  loss  of  activity  after  a  month  at  4°C  and  its  enzymatic  activity  varies 
inversely  with  the  flow  rate.  The  pH  activity  curves  and  substrate  specificity  of  the 
soluble  and  insoluble  forms  are  similar,  but  insolubilization  decreases  the  Km  of  the 
enzyme  from  1.5  X  10 ~5  M  to  1  X  10 ~3  M  L-asparagine,  indicating  a  decrease  in 
affinity  for  substrate.  We  are  proceeding  to  in  vivo  studies. 

(Supported  by  American  Cancer  Society  Grant  T-555) . 

ESTROGEN  RECEPTOR  IN  THE  MAMMALIAN  CELL  NUCLEUS— G.  C. 
Chamness  and  W.  L.  McGuire,  Department  of  Physiology  and  Medicine,  Uni¬ 
versity  of  Texas  Medical  School  at  San  Antonio,  San  Antonio,  Texas  78229. 

Estrogen  target  cells  contain  a  specific,  high  affinity  estrogen  binding  protein  in 
the  cytoplasm.  On  entering  the  cell,  estrogen  molecules  first  bind  to  this  cytoplasmic 
receptor.  They  then  appear  in  the  nucleus  bound  to  a  protein  which  may  or  may 
not  be  the  original  cytoplasmic  receptor.  Here  they  attach  to  chromatin  and  stimu¬ 
late  specific  RNA  and  protein  synthesis.  Using  receptor  and  nuclei  from  rat  uterus 
and  from  rat  mammary  tumor,  we  have  studied  the  relationship  of  nuclear  and 
cytoplasmic  receptors  and  the  binding  of  the  hormone-receptor  complex  within  the 
nuclei.  (1)  The  two  receptors  were  compared  by  sucrose  density  gradient  sedimen¬ 
tation  in  several  salt  concentrations  and  in  the  presence  of  polyanions,  and  were 
separated  by  DEAE  cellulose  chromatography.  We  conclude  that  they  are  not  identi¬ 
cal  but  that  the  nuclear  receptor  may  be  derived  from  a  subunit  of  the  cytoplasmic 
form.  (2)  Uptake  of  receptor  by  nuclei  in  cell-free  systems  suggests  a  saturation 
value  of  a  few  thousand  sites  per  nucleus  and  a  Kd  of  around  10-10.  (3)  Binding  of 
estradiol  to  purified  chromatin  shows  an  absolute  requirement  for  receptor.  The 
binding  reaction  is  temperature  dependent,  and  this  dependence  is  not  relieved  by 
previously  warming  either  chromatin  or  receptor  alone. 

MALIC  ENZYME  FROM  ASCARIS  SUUM — D.  W.  Fodge*,  R.  W.  Gracy  and 
B.  G.  Harris,  Departments  of  Biology  and  Chemistry,  North  Texas  State  Uni¬ 
versity,  Denton,  Texas  76203. 

Three  forms  of  malic  enzyme  have  been  studied  from  a  wide  variety  of  organisms. 
The  classification  of  each  is  determined  by  coenzyme  preference  (NAD  or  NADP) 
and  if  it  decarboxylates  oxalacetate.  The  molecular  weights  and  the  biochemical 
functions  vary.  Vertebrate  malic  enzymes  have  a  molecular  weight  of  270,000 
daltons  and  function  to  generate  reducing  power  for  lipid  synthesis.  Some  inverte¬ 
brate  malic  enzymes  may  function  to  provide  reducing  power  for  anaerobic  phos¬ 
phorylation.  This  paper  describes  the  purification  of  the  aschelminth  malic  enzyme, 
EC  1.1.1.39.  It  was  judged  to  be  homogenous  by  analytical  ultracentrifugation,  zone 
electrophoresis,  isoelectric  focusing,  and  rechromatography.  The  following  physical 
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parameters  were  established:  s20w°  =  8.9  X  10-13sec;  D20,w  =  3.6  X  10_7cm2sec_1, 
and  an  isoelectric  point  of  6.63.  Sedimentation  velocity,  equilibrium  ultracentrifuga¬ 
tion,  and  gel  filtration  yield  a  molecular  weight  of  250,000  daltons  for  the  native 
enzyme  and  64,000  daltons  for  the  subunits.  The  ascarid  malic  enzyme  exists  as  a 
single  electrophoretic  form  and  requires  Mn  as  a  metal  cofactor.  The  enzyme 
utilized  NAD  more  effectively  than  NADP  in  the  decarboxylation  of  malate.  Oxal- 
acetate  is  not  decarboxylated  utilizing  either  NAD  or  NADP. 

IODINE  INACTIVATION  OF  NEUROSPORA  CRASSA  INVERTASE— C.  H. 
Bigger,  Department  of  Molecular  Biology,  University  of  Edinburgh,  Edinburgh, 
Scotland.  EH9  3JR  and  H.  D.  Braymer*,  Department  of  Microbiology,  Louisi¬ 
ana  State  University,  Baton  Rouge,  Louisiana  70803. 

Neurospora  crassa  invertase,  an  intramural  enzyme  of  large  molecular  weight,  is 
a  glycoprotein.  Since  little  is  known  about  the  enzymatic  mechanisms  of  glyco¬ 
proteins,  we  were  interested  in  investigating  the  active  site  of  invertase.  Out  of  a 
number  of  reagents  tested,  iodine  was  found  to  be  the  only  irreversible  inhibitor  of 
the  enzyme.  Inactivation  was  dependent  on  iodine  concentration.  For  example, 
treatment  with  17  moles  of  iodine  per  mole  of  invertase  produced  93%  inhibition 
but  3  moles  produced  50%.  The  enzyme  was  not  protected  by  substrate  and  was  not 
reactivated  by  mercaptoethanol  and  cysteine.  The  sedimentation  coefficient,  carbo¬ 
hydrate  content  and  peptide  map  pattern  of  inactivated  invertase  appeared  to  be 
unaltered  by  iodine  treatment.  Polyacrylamide  gel  electrophoresis  indicated  that  a 
more  negatively  charged  component  was  present  after  inactivation.  Experiments 
with  radioactive  iodine  demonstrated  that  tyrosine  and  histidine  were  not  iodinated. 
Spectrophotometric  determinations  indicated  that  2  to  3  tryptophan  residues  were 
oxidized  by  iodine;  other  experiments  indicated  that  this  was  not  responsible  for 
inactivation.  Amino  acid  analyses  suggested  that  cysteine  or  cystine  was  oxidized  by 
iodine.  A  mechanism  of  inhibition  through  oxidation  of  these  residues  to  a  sulfenic 
acid  is  proposed. 

CHARACTERIZATION  OF  TEMPERATURE-SENSITIVE  ASPARTATE 
TRANSCARBAMYLASE  REVERTANTS  IN  SALMONELLA  TYPHI- 
MURIUM — J.  E.  Womack*  and  G.  A.  O’Donovan,  Department  of  Genetics , 
Texas  A&M  University,  College  Station,  Texas  77843. 

It  has  been  previously  demonstrated  that  feedback  inhibition  by  cytidine  tri¬ 
phosphate  (CTP)  on  aspartate  transcarbamylase  (ATCase)  in  Escherichia  coli 
increased  with  increasing  temperature.  It  thus  seemed  likely  that  one  could  isolate 
temperature-sensitive  (ts)  mutants  which  were  hypersensitive  to  CTP  and  thus 
require  a  pyrimidine  for  growth  at  high  temperatures.  Known  uracil  auxotrophs, 
shown  to  be  missense  mutations  in  the  pyrB  gene  of  S.  typhimurium  which  codes 
for  ATCase,  were  reverted  to  a  fr-phenotype  at  42  C.  These  ts  revertants  did 
not  grow  at  42C  unless  fed  a  pyrimidine.  Amongst  the  ts  mutants,  the  desired  class 
was  found,  namely  those  mutants  which  were  hypersensitive  to  CTP.  Growth  rates 
of  two  such  mutants  were  measured  along  with  their  parent,  LT-2,  in  minimal  media 
with  and  without  pyrimidines.  Whereas  the  mutants  grew  at  approximately  the 
same  rate  as  the  parent  at  low  temperature  (21 C),  their  growth  rate  difference 
expanded  as  the  temperature  of  incubation  was  increased.  The  greatest  difference 
was  found  at  42C  at  which  temperature  the  mutants  had  zero  growth  rate.  When 
a  pyrimidine  was  added  to  the  minimal  medium,  no  significant  difference  in  growth 
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rate  was  found  at  any  temperature.  In  vitro  assays  for  ATCase  activity,  showed  that,  | 
just  like  E.  coli ,  the  level  of  inhibition  by  CTP  in  both  mutant  and  parent  increases  j 
with  increasing  temperature.  However  the  temperature  gradient  was  much  greater 
in  the  mutants  than  in  the  parent.  Thus  at  42C  these  mutants  have  a  temperature- 
sensitive  ATCase  enzyme  due  to  its  hypersensitivity  to  CTP,  creating  a  pyrimidine 
requirement. 
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Bounded  Slope  Variation 

by  FRANK  N.  HUGGINS 

Department  of  Mathematics , 

The  University  of  Texas  at  Arlington 
Arlington ,  Texas  76010 


ABSTRACT 

Presented  in  this  paper  are  certain  theorems  which  establish  the  properties  of 
functions  which  have  bounded  slope  variation  with  respect  to  an  increasing  function 
over  an  interval.  Also,  the  concept  of  bounded  variation,  that  of  the  derivative  of  a 
function  with  respect  to  an  increasing  function,  and  the  Stieltjes  integral  are  used  to 
obtain  sufficient  conditions  for  a  function  f  to  have  bounded  slope  variation  with 
respect  to  a  continuous  increasing  function  m  over  an  interval  [a,b] . 


DEFINITION  1.  The  statement  that  f  has  bounded  slope  variation 
with  respect  to  m  over  [a,b]  means  that  f  is  a  function  whose  domain 
includes  [a,b] ,  m  is  a  real-valued,  increasing  function  on  [a,b],  and 
there  exists  a  nonnegative  number  B  such  that  if  (xi}“__0  is  a  sub¬ 
division  of  [a,b]  with  n  >  1,  then 


V|  f(x.+1) 

m(xt+1) 


~  f(xt) 

-  m(x,) 


f  (Xj)  —  f(xi_!) 
m(Xi)  —  m(x,_1) 


The  least  such  number  B  is  called  the  slope  variation  of  f  with  respect 


d£  df 

to  m  over  [a,bl  and  is  denoted  by  Vb  - — .  [Note:  Va  - —  =  0.1 
’  J  adm  L  a  dm 


The  above  sum  is  nondecreasing  with  respect  to  refinements. 

Although  he  did  not  give  it  a  name,  the  concept  of  bounded  slope 
variation  was  introduced  by  F.  Riesz  (1911)  who  proved,  in  effect, 
that  a  necessary  and  sufficient  condition  that  a  function  F  defined  on 
the  interval  [a,b]  be  the  integral  of  a  function  of  bounded  variation 
on  [a,b]  is  that  F  have  bounded  slope  variation  with  respect  to  I  over 
[a,b],  where  I  is  the  function  defined,  for  each  x,  by  I(x)  =  x.  A 
generalization  of  this  theorem  is  given  by  Huggins  (1971). 

The  name  “bounded  slope  variation”  was  given  to  the  concept  by 
J.  R.  Webb  in  1960  in  his  doctoral  dissertation  which  he  later  pub- 
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lished  (Webb,  1967).  By  Lemma  3.3  of  Webb  (1967),  if  f  has 
bounded  slope  variation  with  respect  to  m  over  [a,b]  and  a  ^  c  <  b, 
then 


D+f(c)  =lim 


f (x)  ~  f(c) 
m(x)  —  m(c) 


exists  and  if  a  <  c  ^  b,  then 


D  f (c)  =  lim 


f(x) 

m(x) 


~  f(c) 
-m(c) 


exists. 

By  Lemma  1  of  Huggins  (1971),  if  f  has  bounded  slope  variation 
with  respect  to  m  over  [a,b],  c  is  a  number  in  [a,b],  and  m  is  con¬ 
tinuous  on  the  right  (left)  at  (c,m(c) ),  then  f  is  continuous  on  the 
right  (left)  at  (c,f (c) ).  It  will  be  seen  that  this  result  could  be 
obtained  as  a  corollary  to  Theorem  4  of  this  paper. 

The  following  formula  plays  an  important  role  in  the  proofs  of 
Theorems  2,  3,  and  4. 

ABEL’S  SUMMATION  BY  PARTS  FORMULA .  Suppose  {sn}?=1 
and  {bi}.T1  are  two  number  sequences  and  let  A0  =  0,  Ai  =  ax  4* 
•  •  •  +  ai9  i  =  1,  2,  3,  •  •  •  .  Then,  for  each  positive  integer  n, 


2  aibj  =  2  (AjE  Ai.Obi  =  Anbn  +  2  A;  (bi  —  bi+1) 


i=l 


With  the  possible  exception  of  the  proof  for  the  product  in  Theorem 
3,  the  proofs  of  the  theorems  that  follow  are  straightforward  enough 
to  be  supplied  by  the  reader  and  will  be  omitted. 

THEOREM  1.  If  f  has  bounded  slope  variation  with  respect  to  m 
over  [a,b]  and  a  <  c  <  b,  then  f  has  bounded  slope  variation  with 
respect  to  m  over  [a,c]  and  over  [c,b] .  Moreover, 


Vb 


df 


dm 


Vc 


df 

dm 


DEFINITION  2.  If  c  is  a  number  in  the  domain  of  the  function  f 
and  both  f  (c+)  and  f(c— )  exist,  then  f  is  said  to  be  quasicontinuous 
at  (c,f (c) ) . 

If  the  function  f  is  quasicontinuous  on  [a,b],  then  f  is  bounded  on 
[a,b]  and  is  continuous  on  [a,b]  —  M,  where  M  is  a  countable  set. 
If  the  function  f  is  of  bounded  variation  on  [a,b],  then  f  is  quasi¬ 
continuous  on  [a,b]. 

THEOREM  2.  If  f  has  bounded  slope  variation  with  respect  to  m 
over  [a,b],  then  f  is  of  bounded  variation  on  [a,b].  Moreover, 
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V£(f)  S  [m(b)  -m(a)]{|D7if(b)|  +Vba^r}. 

COROLLARY  2.1.  If  f  has  bounded  slope  variation  with  respect  to 
m  over  [a,b] ,  then  f  is  quasicontinuous  on  [a,b] . 

DEFINITION  3.  If  f  is  a  function  bounded  on  [a,b],  then  ||f||, 
called  the  norm  of  f,  denotes  the  least  upper  bound  of  |f  (x)  |  for  x  in 
[a,b] . 

THEOREM  3.  If  each  of  f  and  g  has  bounded  slope  variation  with 

respect  to  m  over  [a,b] ,  then  each  of  f  ±  g  and  fg  has  bounded  slope 
variation  with  respect  to  m  over  [a,b] .  Moreover, 

y»  d(f  ±  g)  <  yi>  df  +Vb  dS 

a  (}m  a  {]m  a 

and 


Vb 


d(fg) 

dm 


=  llgl 


Vb 


df_ 

dm 


+ 


vb  $L  ■+  2Vb  (f )  { ;  D-  g  (b)  I  +  Vb  . 

a  dm  aV  'u  1  a  dm 1 


COROLLARY  3.1.  If  f  has  bounded  slope  variation  with  respect  to 
m  over  [a,b]  and  p  is  a  positive  integer,  then  fp  has  bounded  slope 
variation  with  respect  to  m  over  [a,b] . 

Note,  in  particular,  that  if  m  is  an  increasing  function  on  [a,b] 
and  p  is  a  positive  integer,  then  mp  has  bounded  slope  variation  with 
respect  to  m  over  [a,b] .  However,  Corollary  3.1  does  not  remain  true 
if  the  word  “integer”  is  replaced  by  the  words  “rational  number”. 
For  example,  I&  does  not  have  bounded  slope  variation  with  respect 
to  I  over  [0,1]. 

fb  (df)2 

DEFINITION  4.  The  statement  that  the  Hellinger  integral  Ja  — - 

exists  means  that  f  is  a  function  whose  domain  includes  [a,b],  m  is  an 
increasing  function  on  [a,b],  and  there  exists  a  nonnegative  number 
B  such  that  if  (xj  }“_0  is  a  subdivision  of  [a,b],  then 


V  [f  (xQ  ~  f  (xi.,)]2 

m(xi)  m(Xi_i) 


fb  (df)2 

The  least  such  number  B  is  the  Hellinger  integral  J  a— j —  . 

The  above  sum  is  nondecreasing  with  respect  to  refinements. 
THEOREM  4.  If  f  has  bounded  slope  variation  with  respect  to  m 
over  [a,b],  then  the  Hellinger  integral 


i 


b 


(df)2 


exists.  Moreover, 


dm 
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^  [f(b)  -  f  (a)  |-|D- f  (b)  I  +{||f||  +  If  (a)  |}  . 


In  case  f  (a)  =0,  Theorem  4  is  a  special  case  of  Theorem  4.1  of 
Webb  (1967).  However,  the  author’s  proof  of  Theorem  4  does  not 
require  that  f  (a)  =0. 


That  the  existence  of 


does  not  imply  that  f  has  bounded 


slope  variation  with  respect  to  m  over  [a,b]  is  shown  by  the  following 
example. 

EXAMPLE  1.  Let  x0  =  0,  x±  =%,  and  for  each  positive  integer 
n  2.  let  xn  =  1  —  1/n.  Let  f  be  the  function  defined,  for  each  x  in 
[0,1],  by  f (x2n)  =0,  i(x2n-i)  —  1/n,  f (0)  =  f ( 1 )  =0,  and  let  f  be 
linear  in  [xn_l9  xn].  Clearly  f  is  not  of  bounded  variation  on  [0,1]  but 
is  continuous  on  [0,1].  Hence  f  belongs  to  L2  [0,1].  It  follows  from  a 
theorem  also  due  to  Riesz  and  Sz.-Nagy  (1953)  that  if  F  denotes  the 
function  defined,  for  each  x  in  [0,1],  by  F(x)  =  f  (t)  dt,  then  the 
Hellinger  integral 

f1  (dF)2 
Jo  dl 


exists.  It  is  easily  seen  that  F  is  not  the  integral  on  [0,1]  of  a  function 
of  bounded  variation  on  [0,1].  Therefore  F  does  not  have  bounded 
slope  variation  with  respect  to  I  over  [0,1  ] . 


Since  the  existence  of 


implies  that  f  is  continuous  on  the 


right  (left)  at  (c,f  (c) )  whenever  m  is  continuous  on  the  right  (left) 
at  (c,m(c)),  a  ~  c  —  b,  and  that  f  is  of  bounded  variation  on  [a,b], 
both  Lemma  1  of  [1]  and  Theorem  2  of  this  paper  may  be  proved  as 
corollaries  to  Theorem  4.  In  the  latter  case,  the  inequality 


fb  (df)2 

Vb(f)  —  {[m(b)  —  m(a)]  Ja 

is  obtained. 

The  following  lemma  is  required  in  the  proof  of  Theorem  5. 
fb  (df)2 

LEMMA  1.  If  Ja — d — ~  ex*sts  and  e  is  a  positive  number,  then  there 
exists  a  subdivision  D  of  [a,b]  such  that  if  D'  is  a  refinement  of  D  and 
p  and  q  are  two  consecutive  numbers  of  D',  then 

fq  W2 <  [f(q)-f(p)]2  +  e 

dm  m (q)  —  m(p) 
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fb  (df ) 2 

Suppose  J  a ~"g~~  exists  and  F  is  the  function  defined,  for  each  x  in 


[a,b],  by 


F(x)  = 


-I 


(df) 

dm 


F  is  nondecreasing  and  is  therefore  quasicontinuous  on  [a,b].  It  has 
been  shown  that  if  m  and  f  are  continuous  on  [a,b],  then  F  is  con¬ 
tinuous  on  [a,b] .  Thus  if  m  is  continuous  on  [a,b] ,  then  f,  and  there¬ 
fore  F,  is  continuous  on  [a,b].  Little  seems  to  be  known  concerning 
the  continuity  of  F  in  case  m  is  not  continuous.  A  partial  answer  to 
that  question  is  given  by  the  following  theorem. 

THEOREM  5.  Suppose  f  has  bounded  slope  variation  with  respect 
to  m  over  [a,b]  and  F  is  the  function  defined,  for  each  x  in  [a,b],  by 


If  c  is  in  [a,b]  and  f  is  continuous  on  the  right  (left)  at  (c,f  (c) ),  then 
F  is  continuous  on  the  right  (left)  at  (c,F (c) ) . 

DEFINITION  5.  The  statement  that  f  is  absolutely  continuous  with 
respect  to  g  on  [a,b]  means  that  each  of  f  and  g  is  a  function  whose 
domain  includes  [a,b]  and  for  each  positive  number  e  there  exists  a 
positive  number  8  such  that  if  {[ai,bi]}^_i  is  a  collection  of  nonover¬ 
lapping  subintervals  of  [a,b]  and 


2|g(bi)-g(ai)|<a, 

i=l 

then 

i  |f (bi)  —  f(at)|  <*. 

i=l 

THEOREM  6.  If  f  has  bounded  slope  variation  with  respect  to  m 
over  [a,b],  then  f  is  absolutely  continuous  with  respect  to  m  on  [a,b]. 
fb  (df)2. 

The  existence  of  ja— g-  ■  implies  that  f  is  absolutely  continuous  with 
respect  to  m  on  [a,b]  so  that  Theorem  6  is  actually  a  corollary  to 
Theorem  4.  However,  in  case  m  is  continuous  on  [a,b],  the  conclusion 
of  Theorem  6  also  follows  from  Theorem  3  of  Huggins  (1971)  and  a 
theorem  given  by  Riesz  and  Sz.-Nagy  (1953).  (It  is  easily  seen  that 
Theorem  3  of  Huggins  (1971)  remains  true  if  the  Lane  integral  is 
replaced  by  either  the  Stieltjes  mean  sigma  integral,  the  Stieltjes 
integral,  or  the  Lebesgue-Stieltjes  integral) 

DEFINITION  6.  Suppose  m  is  an  increasing  function  on  [a,b],  f  is 
a  function  whose  domain  includes  [a,b]  and  c  is  a  number  in  [a,b]. 
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The  statement  that  f  has  a  derivative  with  respect  to  m  at  the  point 
(c,f(c))  means  that 


Dmf(c)  —  iirn 


f(x)  —  f(c) 
m(x)  —  m(c) 


exists.  Suppose  further  that  there  exists  an  open  interval  (p,q)  con¬ 
taining  c  such  that  Dmf(x)  exists  for  each  x  in  (p,q)  n  [a,b].  The 
statement  that  f  has  a  second  derivative  with  respect  to  m  at  (c,f  (c) ) 
means  that 


D2  f(c)  =  lim 

m  v  /  x-»  c 


Dmf  (x)  —  Dmf  (c) 
m(x)  —  m(c) 


exists. 

Suppose  m  is  an  increasing  function  on  [a,b],  f  is  a  function  whose 
domain  includes  [a,b],  and  c  is  a  number  in  [a,b].  If  m  is  continuous 
on  the  right  (left)  at  (c,m(c) )  and  Dmf  (c)  exists,  then  f  is  continuous 
on  the  right  (left)  at  (c,f  (c) ).  Also,  if  f'(c)  exists,  m'(c)  exists,  and 
m'(c)  7^0,  then  Dmf(c)  exists  and  Dmf (c)  =  f'(c)/m'(c) .  The  exist¬ 
ence  of  Dmf(c)  does  not  imply  the  existence  of  either  f'(c)  or  m'(c) 
even  though  f  is  required  to  have  bounded  slope  variation  with  respect 
to  m  over  [a,b] .  For  example,  f  =  I2/3  has  bounded  slope  variation 
with  respect  to  m  =  I1/s  over  [—1,1]  and  Dmf  (0)  =  0,  but  neither  f 
nor  m  has  a  derivative  at  (0,0) . 

THEOREM  7.  If  m  is  a  continuous  increasing  function  on  [a,b], 
the  function  f  is  continuous  on  [a,b],  and  Dmf(x)  exists  for  each  x  in 
(a,b),  then  there  exists  a  number  c  in  (a,b)  such  that 


Dmf  (c) 


f  (b)  —  f(a) 
m(b)  —  m(a) 


LEMMA  2.  If  m  is  a  continuous  increasing  function  on  [a.b],  f  is  a 
function  continuous  on  [a,b],  Dmf(x)  exists  for  each  x  in  (a,b),  and 
the  function  Dmf  is  bounded  on  (a,b),  then  f  is  of  bounded  variation 
on  [a,b]. 

THEOREM  8.  If  m  is  a  continuous  increasing  function  on  [a,b] 
and  f  is  a  function  such  that  Dmf  (x)  exists  for  each  x  in  [a,b],  then  in 
order  that  f  have  bounded  slope  variation  with  respect  to  m  over  [a,b] , 
it  is  necessary  and  sufficient  that  the  function  Dmf  be  of  bounded 
variation  on  [a,b] .  Moreover, 


COROLLARY  8.1.  If  f  has  bounded  slope  variation  with  respect  to 
m  over  [a,b]  and  D  is  the  function  defined,  for  each  x  in  [a,b] ,  by 
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D(x)  =D+f(x)  for  x  in  [a,b); 

D(b)  =  D~  f  (b), 

then  D  is  of  bounded  variation  on  [a,b]  and 

Vb(D) 

a  a  dm 

THEOREM  9.  If  m  is  a  continuous  increasing  function  on  [a,b],  f 
is  a  function  such  that  D*  f(x)  exists  for  each  x  in  [a,b],  and  the 
Stieltjes  integral  /*|DM|  dm  exists,  then  f  has  bounded  slope  variation 
with  respect  to  m  over  [a,b]  and 

Vb(E  =  f»  ID2  fl  dm. 

a  dm  I  m  I 

LEMMA  3.  If  m  is  a  continuous  increasing  function  on  [a,b],  f  is  a 
function  such  that  Dmf(x)  exists  for  each  x  in  [a,b],  the  function  Dmf 
is  continuous  on  [a,b],  DM(x)  exists  for  each  x  in  (a,b),  and  the 
function  DM  is  bounded  on  (a,b),  then  f  has  bounded  slope  variation 
with  respect  to  m  over  [a,b] . 

EXAMPLE  2.  Let  A,  E,  I,  L,  S,  and  T  denote  the  functions  defined^ 
for  each  x  in  [0,1],  by  A (x)  =  Arctan  x,  E(x)  =  ex,  I(x)  =  x,  L(x)  = 
loge  (1  T  x),  S(x)  =  sin  x,  and  T(x)  =  tan  x  respectively.  Each  of 
these  functions  is  continuous  and  increasing  on  [0,1]  and  has  a  deriva¬ 
tive  which  is  of  bounded  variation  on  [0,1]  and  which  has  a  positive 
lower  bound  on  [0,1].  Thus  if  each  of  f  and  m  is  any  one  of  these 
functions,  then  Dmf(x)  =  f'(x)/m'(x)  for  each  x  in  [0,1]  and  Dmf  is 
of  bounded  variation  on  [0,1].  Hence,  by  Theorem  8,  f  has  bounded 
slope  variation  with  respect  to  m  over  [0,1  ] .  Moreover,  it  follows  from 
Theorem  3  that  if  G  is  any  linear  combination  of  positive  integral 
powers  of  any  or  all  of  the  above  functions,  then  G  has  bounded  slope 
variation  with  respect  to  m  over  [0,1  ] . 
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ABSTRACT 

A  class  &  of  H-graphs  is  defined  and  a  vertex-vertex  incidence  matrix  A  is  defined 
for  each  object  G  of  #.  For  each  G  in  #  there  is  a  transformation  graph  G+  whose 
incidence  matrix  A+  is  the  Moore-Penrose  pseudoinverse  of  A. 

INTRODUCTION 

The  graph  theoretic  approach  to  the  study  of  matrix  inversion  has 
received  relatively  little  attention.  Graph  theory  has  been  applied  to 
study  this  problem  as  well  as  other  matrix  theory  problems  (Harary, 
1959;  1962A;  1962B;  1967:  Ijiri,  1965).  However,  even  less  attention 
has  been  given  to  the  study  of  pseudoinverses  using  the  graph  theoretic 
approach. 

In  this  paper  we  shall  discuss  an  approach  which  relies  basically  on 
the  geometric  nature  of  graphs  rather  than  the  linear  algebra  associated 
with  their  incidence  matrices  to  obtain  mechanical  schemes  for  com¬ 
puting  pseudoinverses  of  integral  matrices  of  a  certain  type. 

The  general  technique  is  simple.  Associated  with  each  finite  graph 
G  is  an  appropriately  defined  incidence  matrix  A.  For  certain  kinds  of 
graphs  G  there  is  a  suitable  transformation  of  G,  say  G+,  for  which 
the  incidence  matrix  A+  of  G+  (appropriately  defined)  is  the  pseudo¬ 
inverse  of  A.  Ijiri  (1965)  considers  a  similar  problem  for  edge-vertex 
incidence  matrices  of  a  certain  kind. 

II.  Notation  and  Preliminaries:  Unless  specified  otherwise,  the  defini¬ 
tions  and  notations  will  basically  be  those  given  by  Ore  (1962).  We 
shall  be  interested  primarily  in  finite  complete  and  directed  graphs. 
DEFINITION  1:  A  complete  and  directed  graph  (or  tournament) 
G  (V,  E,  p)  will  consist  of  a  nonvoid  finite  set  of  vertices  V  —  {vx,  v2, 
.  .  .  ,  vn)  ( |  V|  =  n),  an  edge-degree  function  p  on  V  X  V,  and  and  a  set 
E  c  V  X  V  of  directed  edges  which  satisfy  the  following  conditions: 
(1)  p  (vi,  Vi)  =  0  for  each  i  (no  loops) ; 
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(2)  For  i  7^  j  either  p  vi?  Yj)  >  0  or  p  (vj,  v0  >  0  but  not  both  (com¬ 
plete  and  directed) ; 

(3)  A  directed  edge  (vi5  Vj)  e  E  if  and  only  if  p  (vi9  Vj)  >0. 
DEFINITION  2:  Suppose  G(V,  E,  p)  is  a  tournament  with  |V|  =  n. 
The  (vertex- vertex)  incidence  matrix  A  =  (au)  of  order  (n,  n)  associ¬ 
ated  with  G  is  defined  by  setting  a^  —  p  (vi9  Vj) . 

DEFINITION  3:  Suppose  G(V,  E,  p)  is  a  tournament.  A  chain  C  from 
a  vertex  vx  to  a  vertex  vn+1  is  a  finite  sequence  in  E,  C  =  { (vi9  vi+i) : 
i  =  1,  2,  .  .  .  ,  n}.  The  chain  C  is  called  a  simple  open  chain  if  all 
vertices  associated  with  C  are  distinct.  We  shall  conveniently  denote 
C  by  C  =  (v1?  v2)  (v2,  v3)  ...  (vn,  vn+1). 

An  important  property  of  tournaments  is  presented  in  the  following 
theorem  of  Redei  (Ore,  1962)  and  it  is  this  property  which  will  be 
exploited  later. 

THEOREM  1:  In  a  tournament  G  there  exists  a  simple  open  chain  C 
passing  through  all  vertices.  Such  a  chain  is  called  a  Hamiltonian 
chain. 

THEOREM  2:  A  tournament  G(V,  E,  p)  contains  a  unique  Hamil¬ 
tonian  chain  C  =  (vl9  v2)  (v2,  v3)  .  .  .  (vn_i,  vn)  if  and  only  if  (v4,  Vj)  e 
E  for  each  i  =  1 ,  2,  .  .  .  ,  n-1  and  all  j  >  i. 

PROOF :  The  sufficiency  of  the  condition  is  clear  and  the  necessity  of 
the  condition  is  easily  established  by  induction  on  the  number  of 
vertices  n  >  2. 

The  form  in  which  Theorem  2  is  stated  is  notationally  convenient. 
That  the  chain  begin  at  Vi  and  end  at  vn  by  progressing  through  the 
other  vertices  in  an  “ascending  fashion”  is  unnecessary.  Also,  in 
Theorem  2  the  vertices  of  G  other  than  the  initial  and  terminal  vertices 
connected  by  C  will  be  called  interior  vertices. 

DEFINITION  4:  A  tournament  G(V,  E,  p)  containing  a  unique 
Hamiltonian  chain  C  is  called  an  H-graph  if  p  (Vl,V,)  >1  implies 
(vi9  vj)  e  C. 

The  Moor  e-Penrose  inverse  (pseudoinverse)  of  the  real  square 
matrix  A  is  the  unique  matrix  A+  satisfying  the  equations  (1) 
AA+A  =  A,  (2)  A+AA+  =  A+,  (3)  (AA+)T  =  AA+  and  (4) 
(A+A)T  —  A+A  where  AT  denotes  the  transpose  of  A  (Penrose,  1955) . 
III.  T he  Main  Result :  Let  ft  denote  the  class  of  all  H-graphs  while  a  will 
denote  the  class  of  all  incidence  matrices  corresponding  to  objects  of 
ft  under  Definition  2.  Our  aim  now  is  to  define  a  transformation  T 
which  when  applied  to  the  objects  of  ft  yields  a  serviceable  class  of 
graphs  ft+. 

DEFINITION  5:  Suppose  G(V,  E,  p)  is  an  object  of  ft  and  C  is  the 
unique  Hamiltonian  chain  of  G.  We  define  the  graph  T (G)  =  G+  = 
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G+  (V,  R,  r)  as  follows  where  r  denotes  the  edge-degree  function  on 
V  X  V  and  R  denotes  the  set  of  directed  edges  in  G+ : 

(1)  r  (Vi,Vj)  =  p  (vj,  Vi)  of  (Vj,  Vi)  sC;  if  Vj  is  an  interior  vertex 
with  (vi,  vj),  (Vj,vk)  e  C,  then  t  (vj;  Vj)  =p  (vi,vs)  p  (vj,vk); 
r  (vi,  Vj)  =  0  in  all  other  cases; 

(2)  (vi?  Vj )  e  R  if  and  only  if  r  (vi?  Vj )  >  0. 

EXAMPLE  1: 

6  6  + 


We  now  restrict  our  attention  to  those  objects  of  ■&  for  which 
2  <  |V|  <  5;  call  this  class  #5.  For  the  objects  in  the  corresponding 
class  #+  we  shall  define  an  incidence  matrix.  This  definition  is 
algorithmic  in  nature. 

DEFINITION  6:  Suppose  G+  (V,  R,  r)  is  the  object  of  #+  correspond¬ 
ing  to  G(V,  E,  p)  under  T  where  |V|  ~  n+1,  and  C  =  (v11?  v2i)  (vi2, 
v22)  .  .  .  (Vi„,  v2n)  is  the  unique  Hamiltonian  chain  in  G.  The  (vertex- 
vertex)  incidence  matrix  A+ —  (aij)  of  order  (n+1,  n+1)  corres¬ 
ponding  to  G+  is  defined  as  follows: 

(1)  Row  11  and  column  2n  of  A+  are  zero  vectors; 


(2)  For  all  2  <  k  <n  a(lk.  ik) 


__  1  _ 

r(v2k,  Vlk)  r(v2)k_1,  Vljk_! )  ’ 


(3)  For  all  1  <  k  <  n  a(2k,  ik)  =  — - —  ; 

r(v2k,  Vlk) 

(4)  All  other  entries  of  row  2n  and  column  1 1  are  zero; 

(5)  Ifn  =  4,  a(14f21))  =0; 

At  this  point  there  are  at  most  3  entries  of  A+  not  as  yet  defined; 


442  THE  TEXAS  JOURNAL  OF  SCIENCE 

(6)  Case  1  (n  =  1,2) :  All  entries  defined; 

Case  2  (n  =  3:  If  p  (v12,  v22)  =  1,  a(i2(22)  —  0.  Otherwise  a(12)22) 
has  that  unique  value  for  which  the  dot  product  of  row  1 1  of  A 
with  column  22  of  A +  is  zero. 

Case  3  (n  =  4)  ’  a ( i2>22 )  is  defined  as  m  Case  2.  If  p  (V13  v23)  —  1, 
a (13,23)  —  0.  Otherwise  a(13f23)  has  that  unique  value  (regardless  of 
how  a(13)23)  is  defined)  for  which  the  dot  product  of  row  21  of  A 
with  column  23  of  A+  is  zero.  a(2i)23)  has  that  unique  value  for 
which  the  dot  product  of  row  1 1  of  A  with  column  23  of  A+  is 
zero. 

THEOREM  3:  Suppose  G  is  an  object  of  #5  and  A  is  the  incidence 
matrix  of  G  under  Definition  2.  Then  the  incidence  matrix  A+  of  G+ 
under  Definition  6  is  the  pseudoinverse  of  A. 

PROOF:  Suppose  G(V,  E,  p)  and  G+(V,  R,  r)  are  as  in  Definition  6 
and  A  =  (by),  A+  =  (ay)  are  the  corresponding  incidence  matrices 
from  Definition  2  and  6,  respectively.  Set  AA+  =  D=(dy).  By 
applying  Theorem  2  in  a  methodical  manner,  one  can  establish  that 
D  is  a  diagonal  matrix  where  dy  =  1  for  all  i  ^  2n  and  d(2n)2n)  —  0. 
In  this  case,  DA  =  A  and  DT  =  D  so  that  AA+A  =  A  and  (AA+)T  = 
AA+.  In  a  similar  way,  one  can  show  that  A+A  is  a  diagonal  matrix 
of  zeroes  and  ones  such  that  A+AA+  ==  A+  and  (A+A)T  =  A+A. 
Therefore,  A+  is  the  pseudoinverse  of  A. 

The  geometrical  way  of  getting  G+  from  G  is  to  (1 )  reverse  all  the 
directed  edges  in  the  unique  Hamiltonian  chain  C  of  G  removing  all 
other  edges  and  (2)  place  loops  at  all  interior  vertices  of  G+  in  the 
amount  which  equals  the  product  of  the  number  of  incoming  edges 
with  the  number  of  outgoing  edges.  A+  is  now  obtained  from  G+ 
through  Definition  6.  It  is  the  type  of  approach  which  merits  further 
consideration  and  not  so  much  the  result  itself.  In  fact,  the  matrices 
being  considered  are  those  which  upon  deletion  of  one  zero  row  and 
one  zero  column  are  permutationally  similar  to  nonsingular  triangular 
matrices  whose  entries  that  are  greater  than  one  appear  on  the 
diagonal. 

Generalizing  Theorem  3  to  include  all  of  $  is  a  matter  of  extending 
Definition  6  inductively.  There  are  certain  subclasses  of  however, 
for  which  one  can  easily  extend  Definition  6  to  obtain  A+  from  G+ 
where  no  restrictions  are  placed  on  the  order  of  V. 

For  example,  suppose  G  is  an  object  of  #  and  C  —  (vu,  v2i)  (vi2,  v22) 

•  •  •  (vm,  v2n)  is  the  unique  Hamiltonian  chain  of  G  such  that  p  (vik, 
v2k)  =  1  for  all  1  <  k  <  n.  A+  =  (ay)  is  then  defined  from  G+  by 
setting 


1  if  i  ¥=  j  and  (vi9  Vj)  e  R 
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aij  =  —  1  if  i  =  j  and  i  7^  11,  2n 

0  otherwise  . 

We  also  observe  that  in  this  case  the  “reverse  process'’  yields  the 
pseudoinverse  as  illustrated  in  the  following  example. 


EXAMPLE  2: 

6 


6  + 


0  0  0  0  2 

1  0  3  0  1 

A  =  2  0  0  0  1, 

13  10  1 

0  0  0  0  0 


A+  =  —  — 


1 

4 

1_ 

18 

1 

12 

0 

1 

2 


0 

1 

9 

1 

3 

0 

0 


1 

2 

1 

9 

1 

6 

0 

0 


0 

1 

3 

0 

0 

0 


0 

0 

0 

0 

0 


EXAMPLE  3: 


G 


G 
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A+  = 


1  0  0  0  1  0 
0-11000 
10-1000 


0  0  0  0  0  1 

0  0  0  0  0  0 

0  1  0  0  0  -1 


A  = 


0  1 
0  0 
0  1 


0  0 
1  1 
0  0 


0  0 


0  1 
0  1 
0  1 

0  0 
0  1 
0  0 
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ABSTRACT 

Let  P(X)  a2xn_1,+  .  .  .  +  an+1  where  each  ai  is  a  complex  number 

and  at  0.  This  paper  is  concerned  with  the  numerical  solution  of  such  poly¬ 
nomials  having  multiple  zeros.  Two  algorithms  based  on  the  greatest  common 
divisor  of  2  polynomials  are  presented.  Results  of  these  algorithms  are  compared 
with  the  results  of  Newton’s  method  and  Muller’s  method  on  polynomials  having 
multiple  zeros. 

Key  words  and  phrases.  Polynomial,  degree  of  a  polynomial,  zero  of  a  polynomial, 
greatest  common  divisor  of  2  polynomials,  relatively  prime  polynomials,  and  division 
algorithm  for  polynomials. 

INTRODUCTION 

Frequently  in  scientific  work  it  becomes  necessary  to  find  the  zeros, 
real  or  complex,  of  the  Nth  degree  polynomial 

P(X)  =  axXN +  a2XN_1  fa  .  .  +  aNX  +  aN+1  (1) 

where  ai  ¥=  0  and  the  coefficients  al5  a2,  .  .  .  ,  aN+1  are  complex  num¬ 
bers.  Various  classical  methods  calculate  the  zeros  of  polynomials  of 
degree  1,  2,  3,  or  4  in  closed  form.  For  polynomials  of  higher  degree, 
no  such  methods  exist.  Thus,  to  determine  the  zeros  of  such  poly¬ 
nomials,  iterative  methods  must  be  employed.  Two  very  popular 
iterative  methods  are  those  of  Newton  (Henrici,  1964:77)  and  of 
Muller  (Muller,  1956).  These  as  well  as  other  methods  tend  to 
become  unstable  in  the  presence  of  multiple  zeros.  This  paper  is  con¬ 
cerned  with  the  numerical  solution  of  polynomials  having  multiple 
zeros. 

1  CR  Categories:  5.15,  5.49. 

2  The  author  received  partial  support  from  the  National  Aeronautics  and  Space 
Administration  Grant  NASA  NGR  37-002-084  (Manned  Spacecraft  Center,  Houston, 
Texas)  during  the  writing  of  this  paper. 
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GREATEST  COMMON  DIVISOR  METHOD 

The  greatest  common  divisor  (g.c.d.)  method  reduces  the  problem 
of  finding  the  zeros  of  a  polynomial  having  multiple  zeros  to  one  of 
determining  the  zeros  of  a  polynomial  all  of  whose  zeros  are  simple. 

Consider  the  Nth  degree  polynomial  P(X)  defined  by  (1).  If  P(X) 
has  m  distinct  zeros,  or,  a2,  .  .  .  ,  «m,  then  P(X)  can  be  expressed  in 
the  form 

P(X)  =  a1(X-a1)ei(X-a2)ei  .  .  .  (X-<*m)em  (2) 

where  ei  is  the  multiplicity  of  ai9  i *=  1,2, .  .  .  ,  m.  The  derivative  of 
P(X)  is 

P'(X)  =  Na^-1  +  (N-l)a2XN-2  -K  . .  ■+  aN 
which  can  also  be  expressed  as 

m  m 

P'(X)  =  a1(X-a1)ei_1(X-o:2)e2_1  .  .  .  (X-aJ*™-1  2  Gi  tt  (X-«j).  (3) 

i=l  5=1 
5=7^1 

Equations  (2)  and  (3)  can  be  used  to  obtain  the  greatest  common 
divisor  of  P(X)  and  P'(X) .  We  state  the  following  well  known 
theorem. 

Theorem  2.1.  Let  P(X)  be  an  Nth  degree  polynomial  having  m 
distinct  zeros  or,  a2,  .  .  .  ,  am  of  multiplicity  ei,  e2, .  .  . ,  em,  respectively. 
Then  the  polynomial 

D(X)  =  (X-aOVl  (X-a2)^  .  .  .  (X-cO6--1 

is  the  unique  monic  greatest  common  divisor  of  P(X)  and  its  deriva¬ 
tive  P'(X). 

It  follows  from  Theorem  2.1  that  each  zero  of  D(X)  is  also  a  zero 
of  P(X)  and  P'(X).  Hence  we  have  the  following  result. 

Theorem  2.2.  If  P(X)  is  a  polynomial,  then  P(X)  and  P'(X)  are 
relatively  prime  if  and  only  if  P(X)  has  no  multiple  zeros. 

Consider  the  polynomial  H(X)  obtained  by  dividing  P(X)  by  the 
monic  g.c.d.,  D(X),  of  P(X)  and  P'(X). 

m  m 

H(X)  =P(X)/D(X)  =a,  7T  (X-«i)ei/  it  (X— «i) ei_1 

i=l  i=l 

m 

=  ai  (X-«i). 

The  zeros  of  H(X)  are  all  simple  and  also  comprise  all  the  distinct 
zeros  of  P(X).  Use  of  the  g.c.d.  method  involves  computation  of 
H(X),  given  P(X). 

In  order  to  obtain  H(X),  a  computational  algorithm  is  necessary 
to  find  the  g.c.d.  of  P(X)  and  P'(X) .  A  general  method  for  computing 
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the  g.c.d.  of  2  polynomials  is  outlined  by  Uspensky  (1948:46).  This 
method  is  based  upon  repeated  applications  of  the  division  algorithm. 
Let  R0(X)  and  Ri(X)  be  2  polynomials  having  degrees  N0  and  Nx, 
respectively,  where  N±  <  N0.  The  division  algorithm  yields  the  follow¬ 
ing  identities 

Ro(X)  =  R1(X)S1(X)  T-  R2(X) 

Ri(X)  =  R2(X)S2(X)  +  R3(X) 


Rk-2(X)  =  Rk_1(X)Sk-i(X)  +Rk(X) 

RK-i(X)  =Rk(X)Sk(X) 

where  Ri  (X)  and  Si  (X)  are  polynomials  such  that  deg.  Ri_i  (X)  > 
deg.  Ri(X)  for  2  <  i  <  K  and  where  RK(X)  is  the  g.c.d.  of  R0(X) 
and  Ri(X) . 

Thus,  to  be  able  to  compute  the  g.c.d.  of  2  polynomials,  we  need  a 
general  polynomial  division  routine  which  will  generate  RK(X). 
This  general  procedure  is  illustrated  in  Figure  2.1.  Figure  2.2  gives 
a  complete  flow  chart  of  the  g.c.d.  algorithm. 

Recall  that  we  wanted  to  obtain  the  reduced  polynomial  H(X)  = 
P(X)/D(X)  where  D(X)  is  the  g.c.d.  of  P(X)  and  P'(X).  Thus, 
after  obtaining  D(X)  by  the  above  algorithm,  it  is  necessary  to  divide 
P(X)  by  D(X)  obtaining  H(X),  all  of  whose  zeros  are  simple. 

Once  H(X)  is  obtained,  an  appropriate  method  such  as  Newton’s 
method  or  Muller’s  method  is  applied  to  extract  the  zeros  of  H(X). 
This  yields  all  the  distinct  zeros  of  P(X).  We  can  obtain  the  multi¬ 
plicity  of  each  zero  by  successively  extracting  this  zero  from  the 
polynomial  P(X) . 

The  basic  steps  performed  by  the  greatest  common  divisor  method 
are  listed  sequentially  as  follows: 

1.  Given  a  polynomial,  P(X),  in  the  form  P(X)  =  aiXN  +  a2N_1  + 
.  .  .  +  aNX  ~b  aN+i. 

2.  Calculate  the  derivative,  P'(X),  of  P(X)  in  the  form  P'(X)  = 
UX*"1  +  b2XN-2  +  .  .  .  +  bN  where  bx  =  Na1?  b2  -  (N-l)a2,  .  .  . , 
bN  —  Sn- 

3.  Find  D(X),  the  g.c.d.  of  P(X)  and  P'(X),  using  the  algorithms 
developed  above. 

4.  Calculate  H(X)  =  P(X)/D(X),  a  polynomial  having  only 
simple  zeros. 

5.  Use  some  appropriate  method  to  extract  the  zeros  of  H(X) . 

6.  Determine  the  multiplicity  of  each  of  the  zeros  obtained  in  step 
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Figure  2.  1.  General  g.c.d.  algorithm  to  find  the  greatest 
common  divisor  of  polynomials  P(X)  and  Q(X) 
where  deg.  P(X)  =  N  >  M  =  Q(X). 

N1  Ml 

Notation:  R(X)  =  RjX  +  .  .  .  +  RN1+1-  S(X)  =  SjX  +  .  .  .  +  SM1  +  J 

REPEATED  GREATEST  COMMON  DIVISOR  METHOD 

The  repeated  greatest  common  divisor  (repeated  g.c.d.)  method 
makes  repeated  use  of  the  g.c.d.  method  to  extract  the  zeros  and  their 
multiplicities  of  a  polynomial  with  complex  coefficients.  That  is,  the 
repeated  g.c.d.  method  reduces  the  problem  of  finding  the  zeros  of  a 
polynomial,  P(X),  which  has  multiple  zeros,  to  one  of  finding  the 
zeros  of  each  of  a  finite  set  of  polynomials,  Gx(X), .  .  . ,  GK(X),  which 
have  only  simple  zeros,  where  the  zeros  of  each  Gi  (X)  are  all  the 
zeros  of  P(X)  of  multiplicity  i.  The  following  theorem  indicates  how 
the  polynomials  Gi(X),  .  .  .  ,  GK(X)  are  defined.  A  proof  of  this  result 
can  be  found  in  (Uspensky,  1948:65). 

Theorem  3.1.  Let  P(X)  —  aiXN  +  a2XN_1  +  ....  +  aNX  +  aN+i  where 
a^O  and  al9  a2,  .  .  .  ,  aN+i  are  complex  numbers.  If  D0(X)  =  P(X) 
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SUBROUTINE  GCD 


Figure  2.2.  Flow-chart  of  the  g.  c.  d.  algorithm  to  find  the  monic  greatest 
common  divisor  of  polynomials  P(X)  and  Q(X)  where 
deg.  P(X)  =  N  >  M  =  deg.  Q(X). 

Notation:  P(X)  =  PjXN  +  ...  +  PN+r  Q(X)  =  Q1XM  +  ...  +  QM+1 

R(X)  =  RjXN1  +  . . .  +  Rn1+1,  S(X)  =  StXMI  +  .  .  .  +  SM1+1 

and  if  Di+i(X)  is  the  monic  greatest  common  divisor  of  Di(X)  and 
D'i  (X)  for  i  >  0,  then 

Gi(X)  =  Di_1(X)Di  +  1(X)/[Di(X)]2 

has  only  simple  zeros  and  they  are  just  the  zeros  of  P(X)  that  have 
multiplicity  i. 
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Thus,  by  the  above  theorem  we  can  generate  a  sequence  of  poly¬ 
nomials  Gi(X),  G2(X),  .  .  .  ,  Gk(X)  where  the  set  of  zeros  of  P(X) 
is  the  same  as  the  set  of  zeros  of  this  sequence  and  the  multiplicity  of 
each  zero  in  P(X)  is  given  by  the  corresponding  subscript  on  G(X) . 
Therefore,  by  using  a  method  such  as  Newton’s  method  or  Muller’s 
method  to  calculate  the  zeros  of  each  Gi  (X),  we  may  obtain  the  zeros 
of  P  (X)  along  with  their  multiplicities. 

The  general  procedure  used  to  calculate  the  sequence  Gi(X), 
G2(X), . . . ,  Gk(X)  is  illustrated  in  Figure  3.1. 

The  basic  steps  performed  by  the  greatest  common  divisor  method 
are  listed  sequentially  as  follows: 

1 .  Given  a  polynomial,  P(X) ,  in  the  form  P(X)  =  axXN  +  a2XN_1  + 

.  .  .  +  SnX  +  aN+:l. 

2.  Set  D0(X)  =  P(X). 

3.  Calculate  the  derivative,  D0'(X),  of  D0(X)  in  the  form 
D'o(X)  =  biX^1  +  b2XM-2  +  .  .  .  +  bM 

where  deg.  D0(X)  =  M,  D0(X)  =  diXM  ■+...+  dM+i,  and  bi  = 
Mdi,  b2  —  (M— 1 )  d2,  .  .  . ,  bM  —  dM. 

4.  Find  Dx  (X) ,  the  g.c.d.  of  D0  (X)  and  D'0  (X)  using  the  algorithm 
developed  in  section  2. 

5.  Similar  to  3.,  calculate  Dh  (X) . 

6.  Find  D2  (X) ,  the  g.c.d.  of  Dx  (X)  and  Dh  (X)  using  the  algorithms 
developed  in  section  2. 

7.  Calculate  G(X)  =D0(X)  D2(X)/[D1(X)]2. 

8.  Use  some  appropriate  method  to  extract  the  zeros  of  G(X)  and 
assign  these  zeros  the  correct  multiplicity  as  zeros  of  P(X) . 

9.  Set  D0(X)=D1(X),  D'0(X)  |§  Dh(X),  and  D1(X)=D2(X). 
Then  repeat  5.-8.  above  until  all  the  zeros  of  P(X)  are  found. 

COMPARISON  OF  METHODS 

In  this  section  we  compare  the  time  and  accuracy  of  Newton’s 
method,  Muller’s  method,  the  greatest  common  divisor  method,  and 
the  repeated  greatest  common  divisor  method.  Programs  were  written  ! 
to  handle  complex  double  precision  arithmetic  in  FORTRAN  IV. 
These  programs  were  run  on  the  IBM  360/50,  the  UNIVAC  1 1 08,  and 
the  CDC  6600.  However,  the  example  results  and  the  time  compari¬ 
sons  are  from  runs  made  on  the  IBM  360/50. 
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Figure  3.  1.  Repeated  g.  c.d.  algorithm  for  a  polynomial 
P(X)  of  degree  N. 


For  our  examples  we  use  4  polynomials.  The  zeros  and  multiplicities 
(number  in  parentheses)  of  these  polynomials  are  listed  below. 

Note  the  relationship  between  polynomials  #1  and  #2. 

Polynomials  having  multiple  zeros  present  considerable  difficulty 
for  Newton’s  method.  The  iteration  formula  for  Newton’s  method  is 


Xn+1  =  Xn-P(Xn)/P'(Xn). 
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Polynomial  #1 

Polynomial  #2 

Polynomial  #3 

Polynomial  #4 

2+2i  (3) 

2+2i  (3) 

—2.33 

(1) 

l+i  (6) 

l+2i  (2) 

l+2i  (2) 

.003  (2) 

1-i  (6) 

-l+.5i  (1) 

-  1-Mi  (3) 

i 

(2) 

1.5i 

(2) 

—  1.5i 

(2) 

3i 

(3) 

— 1  — i 

(3) 

If  c  is  a  multiple  zero  then  P(c) 

=  P'(c) 

=  0.  Hence,  as  Xn  c, 

P(Xn)  ^  0  and  P'(Xn)  0  and  the  iteration  formula  may  be  unstable, 
resulting  in  no  convergence  or  inaccuracy.  As  the  number  of  multiple 
zeros  increases,  the  polynomial  tends  to  become  more  ill-conditioned, 
convergence  becomes  more  difficult,  and  accuracy  is  lost.  Thus,  the 
possibility  of  convergence  decreases.  This  also  holds  true  if  the  multi¬ 
plicities  of  the  zeros  are  increased. 

Muller’s  method  also  encounters  difficulty,  although  to  a  lesser 
degree  than  Newton’s  method,  with  polynomials  having  multiple 
zeros.  In  most  cases,  Muller’s  method  produces  convergence  even 
when  Newton’s  method  completely  fails.  The  accuracy  obtained  by 
Muller’s  method  is  not  good  but  usually  better  than  Newton’s  method 
using  the  same  convergence  requirement.  The  rate  of  convergence  of 
Muller’s  method  is  considerably  slower  for  multiple  zeros  than  for 
distinct  zeros.  However,  for  multiple  zeros,  Muller’s  is  at  least  as  fast 
as  Newton’s  method. 

The  g.c.d.  method  is  well  suited  for  polynomials  with  multiple  zeros. 
All  multiple  zeros  are  removed,  leaving  only  a  polynomial  of  distinct 
zeros  to  be  solved.  This  indicates  that  best  results  should  be  obtained 
by  using  Newton’s  method  as  the  supporting  method  to  the  g.c.d. 
method,  since  Newton’s  method  enjoys  the  advantage  of  speed  over 
Muller’s  method  for  distinct  zeros.  This  has  indeed  proved  to  be  true. 
The  accuracy  of  the  zeros  obtained  decreases  somewhat  when  the 
number  of  multiple  zeros  is  increased.  This  decrease  is  due  to  accuracy 
lost  in  computing  the  g.c.d.  and  the  quotient  polynomial,  not  as  a  result 
of  the  supporting  method.  It  is  easy  to  see  that  the  accuracy  of  the  g.c.d. 
method  is  best  when  the  degree  of  the  greatest  common  divisor  of 
P(X)  and  P'(X)  is  maximum.  This  is  due  to  the  fact  that  the  error 
in  calculating  the  greatest  common  divisor  is  minimized  in  this  case. 
The  accuracy  obtained  using  Newton’s  method  and  Muller’s  as  sup¬ 
porting  methods  to  the  g.c.d.  method  is  about  the  same.  Therefore,  the 
following  tables  list  only  the  results  of  the  g.c.d.  method  with  Newton’s 
method  as  a  supporting  method. 
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In  most  cases  multiplicities  are  determined  with  good  accuracy. 
The  g.c.d.  method  is  not  as  sensitive  to  zeros  of  high  multiplicity  or 
polynomials  containing  a  large  number  of  multiple  zeros  as  are  both 
Newton’s  and  Muller’s  methods.  A  quick  comparison  of  Table  4. 1-4.4 
(a,b)  with  Tables  4. 1-4.4  (c)  show  that  the  g.c.d.  method  is  much 
more  accurate  than  either  Newton’s  or  Muller’s  method.  For  example, 
Table  4.2  (a,b)  shows  polynomial  #2  for  which  Newton’s  method  and 
Muller’s  method  both  gave  poor  convergence.  But  Table  4.2  (c)  shows 
very  accurate  results  for  polynomial  #2. 

The  repeated  g.c.d.  method  is  also  suited  very  well  for  polynomials 
with  multiple  zeros.  Tables  4. 1-4.4  (d)  are  results  of  the  repeated 
g.c.d.  method  with  Newton’s  method  as  the  supporting  method.  The 
accuracy  obtained  using  Muller’s  method  as  the  supporting  method  is 
about  the  same.  The  results  of  the  repeated  g.c.d.  method  are  not  as 
good  as  those  obtained  from  the  g.c.d.  method.  Since  the  repeated  g.c.d. 
method  repeatedly  uses  the  g.c.d.  algorithm,  the  error  tends  to  build  up 
in  this  method  when  a  polynomial  has  several  zeros  of  different  multi¬ 
plicities.  This  can  be  observed  by  comparing  (c)  with  (d)  in  Tables 
4.2  and  4.3.  Even  though  the  results  of  the  repeated  g.c.d.  method  are 
not  quite  as  good  as  the  results  of  the  g.c.d.  method,  they  are  far 
superior  to  the  results  of  either  Newton’s  method  or  Muller’s  method. 

Table  4.0  gives  a  comparison  of  the  execution  times  of  the  4  methods 
for  polynomials  #1— #4. 


Table  4.0 


Method 

Execution  time* 

Newton 

104.16  seconds 

Muller 

96.79  seconds 

G.C.D.  with  Newton 

7.51  seconds 

Repeated  G.C.D.  with  Newton 

7.71  seconds 

*  These  times  are  from  execution  runs  on  the  IBM  360/50  WATFOR  system. 


It  is  clear  from  Table  4.0  that  the  g.c.d.  and  the  repeated  g.c.d. 
methods  are  much  faster  than  both  Newton’s  method  and  Muller’s 
method  on  polynomials  with  multiple  zeros.  Therefore,  for  poly¬ 
nomials  with  multiple  zeros,  the  order  in  which  the  methods  are 
recommended  is  as  follows. 

1.  G.C.D.  with  Newton  or  repeated  G.C.D.  with  Newton. 

2.  Muller. 

3.  Newton. 
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Table  4.1 

Polynomial  number  1 

Zeros  are:  2+2i  (3),  l+2i  (2),  — 1  — j— .5i  (3) 


Zeros  of  P(X)  Multiplicities 


(a)  Newton’s  Method 

0.  9999998836125019D  00  +  0.  20000000521 38284D  01  i  2 

0.  1 999992907503309D  01  +  0. 1 999959474001 689D  01  i  3 

—0.  9999999999999998D  00  +  0.  5000000000000000D  00  i  1 

(b)  Muller’s  Method 

0. 1 99995483541 978 7D  01  +  0.  200001 7627898503D  01  i  3 

0.  1 0000001 5977927 8D  01  +  0.  1999999979600045D  01  i  1 

0.  999999830671 1213D  00  +  0.  200000007 1685089D  01  i  1 

—0.  9999999999999998D  00  +  0-  5000000000000000D  00  i  1 

(c)  G.C.D.  Method  used  with  Newton’s  Method 

0.  999999999999 75 65D  00  +  0. 1 9999999999995 74D  01  i  2 

0.  2000000000000347D  01  +  0.  2000000000000530D  01  i  3 

—0.  9999999999999541 D  00  +  0.  50000000000001 47D  00  i  1 

(d)  Repeated  G.C.D.  Method  with  Newton’s  Method 

—0.  9999999999997350D  00  +  0.  500000000001 7542D  00  i  1 

0.  99999999999991 79D  00  +  0.19999999999968450  01  i  2 

0.  1 999999999999967D  01  +  0.  2000000000001 5 19D  01  i  3 

Table  4.2 

Polynomial  Number  2 

Zeros  are:  2+2i  (3),  l+2i  (2),  —  l+.5i  (3) 


Zeros  of  P(X)  Multiplicities 


(a)  Newton’s  Method 

0.  9999996239397971 D  00  +  0.  1999999233348969D  01  i  2 

— 0.  1999926539148827D  00  +  0.  49999 7555 7955272D  01  i  2 

0.  1999956221578001D  01  +  0.  20000208360361 00D  01  i  1 

0.  2000005 8293227 9 8D  01  +  0.  1999952499501282D  01  i  1 

0.  2000008738509706D  01  +  0.  1999950053877640D  01  i  1 

— 0.  1 0000053 7398 1 58 7D  01  +  0.  4999950920121 687D  00  i  1 

(b)  Muller’s  Method 

0.20000421 7588959 ID  01  +  0.  2000028750713895D  01  i  3 

0.  1 000000023 165255D  01  +  0.  1999999805 777 700D  01  i  1 

— 0.  1 0000065 941 223 1 4D  01  +  0.  4999952821 126052D  00  i  1 

— 0. 1 000000972571 865D  01  +  0.  50000841 7572665 ID  00  i  1 

0.  9999999 168409400D  00  +  0.  20000001 00132659D  01  i  1 

— 0.  9999925738129557D  00  +  0.  499996281 8337703D  00  i  1 

(c)  G.C.D.  Method  used  with  Newton’s  Method 

0.  9999999999995483D  00  +  0.  1999999999999755D  01  i  2 

0.  2000000000000665D  01  +  0.  2000000000000539D  01  i  3 

— 0.  9999999999999408D  00  +  0.  499999999999981 2D  00  i  3 
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(d)  Repeated  G.C.D.  Method  with  Newton’s  Method 
0.  9999999999946498D  00  +  0. 1999999999996468D  01  i  2 

0.  2000000000002532D  01  +  0.  2000000000001 653D  01  i  3 

—0.  9999999999999926D  00  +  0.  4999999999999759D  00  i  3 

Table  4.3 
Polynomial  Number  3 

Zeros  are:  —2.33,  .003  (2),  i  (2),  1.5i  (2),  — 1.5i  (2),  3i  (3),  — 1— i  (3) 


Zeros  of  P(X)  Multiplicities 


(a)  Newton’s  Method 

0.  3 0000 003 6837 2262D-02  +  0. 130406761 639865 ID-08  i  2 

0.  6742035082463408D-06  +  0.  1 0000006276927 75D  01  i  2 

0.  7624724932810605D-06  +  0.1500001 030008833D  01  i  1 

— 0.  667 1 875662730541 D-06  +  0. 14999990111 65 093D  01  i  1 

— 0.  99999601 1101 8027D  00  —  0.  1 000007493843641 D  01  i  1 

— 0.  233333333331 1710D  01  +  0.  6499Q59058277495D-1 1  i  1 

— 0.  1 000007 6929 7 0472D  01  —  0.  999998369861 9370D  00  i  1 

— 0.  9999951 7401 5841 0D  00  —  0.  999995026367761 9D  00  i  1 

— 0.  5 9248785305 78477D-06  —  0.  1499999487187738D  01  i  2 

0.  261 95991 03083468D-04  +  0.  3000007838671785D  01  i  2 

— 0.  9819291180928265D-05  +  0.2999974121589575D  01  i  1 

(b)  Muller’s  Method 

0.  30000000562581 19D-02  +  0.  8279370489253688D-12  i  2 

0.  30010861 721 5621 5D-07  +  0.  1 0000000 43839074D  01  i  1 

0.  61 8905379031 9132D-07  +  0. 1 5000001 40768000D  01  i  1 

0.  239732741 0073823D-04  +  0.300000873 7225294D  01  i  1 

0.  3973984540 428445D-07  -f  0. 1000000042454684D  01  i  1 

— 0.  2333333333333334D  01  —  0.  30279561 954291 83D-1 5  i  1 

— 0. 1 0000069904049 78D  01  —  0.  99999889 12247243D  00  i  2 

0.  9284422544336306D-08  —  0.  1500000013128602D  01  i  1 

— 0.  1 000006251 006585D  01  —  0.  1000001 53 7499232D  01  i  1 

0. 1671714279306380D-07  —  0.  1 50000001 8526329D  01  i  1 

— 0.  2558768623037301D-04  4-  0.3000021 653791787D  01  i  1 

0.211 09261 08982832D-04  +  0.  300001- 4907360653D  01  i  1 

— 0.  5453 7 9938469227 4D-07  +  0.  1499999863795 70 ID  01  i  1 

(c)  G.C.D.  Method  used  with  Newton’s  Method 

0.  300000003 86 4599 7D-02  —  0.  13705431 7663841 3D-09  i  2 

0.  146663 706523 1162D-09  +  0.  10000000003025560  01  i  2 

— 0.  1 6262085  45466292D-09  +  0. 1499999999807066D  01  i  2 

— 0.  1 1 6776924757245 2D-10  —  0.  1500000000006763D  01  i  2 

— 0.  2333333333340885D  01  +  0.  4291551250697099D-11  i  1 

0. 114045567560921 0D-09  +  0.  3000000000053944D  01  i  3 

— 0.  1 000000000032260D  01  —  0.  9999999999855779D  00  i  3 

(d)  Repeated  G.C.D.  Method  with  Newton’s  Method 

— 0.233333331 8533397D  01  +  0.  1723955970570993D-07  i  1 

0.  2999823203921 41 7D-02  —  0.  2056988264688661D-06  i  2 
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0.  4767581 845685002D-06  +  0.  1 0000005558501 84D  01  i  2 

0.  234091 7191 0427 91 D-07  —  0.  1499999972431 725D  01  i  2 

—0.  3527 1 541 44585488D-06  +  0. 1 49999958791 6640D  01  i  2 

0.  1462930432349907D-07  +  0.300000001 71 62633D  01  i  3 

— 0.  9999999999998584D  00  —  O’  1 000000000000002D  01  i  3 

Table  4.4 

Polynomial  Number  4 
Zeros  are:  1  — J— i  (6),  1 — i  (6) 


Zeros  of  P(X)  Multiplicities 


(a)  Newton’s  Method 

0.  999481 1379514626D  00  +  0.  9956077586061746D  00  i  5 

0.9959231331 71 7677D  00  —  0.  1001781987675468D  01  i  1 

0.  9958578071 788434D  00  +  0.  1003 167 13449321  ID  01  i  1 

0.  99991 56996008946D  00  —  0.  995030231 6485232D  00  i  1 

0.  993910421 8906621D  00  —  0.  9941 135991 702493D  00  i  1 

0.  9960538588565869D  00  —  0.  10027599236645 72D  01  i  1 

0.  1 00371 983855407 ID  01  —  0.  996846567458251 2D  00  i  1 

0.  1 0001 68225699994D  01  —  0.  9953759289063293D  00  i  1 

(b)  Muller’s  Method 

0.  1003576740125457D  01  +  0.  1001742634790606D  01  i  4 

0.  9990524788681438D  00  +  0. 10045121 14384271D  01  i  1 

0.  1003596793567675D  01  +  O'.  996560031 7041306D  00  i  1 

0.  1 0007 32469 7 60204D  01  —  0.  9956429572131067D  00  i  2 

0.  1004765483353489D  01  —  0. 1000695718358974D  01  i  1 

0.  99947 8256627433 1 D  00  —  0.  9960766078915870D  00  i  1 

0.  99541 66309522899D  00  —  0.  1000 189829921 809D  01  i  1 

0.  1 0000745906941 60D  01  —  O'.  9951285328849768D  00  i  1 

(c)  G.C.D.  Method  used  with  Newton’s  Method 

0.  1 000000000000007D  01  +0.  9999999999999074D  00  i  6 

0.  1 000000000000007D  01  —  0.  9999999999999074D  00  i  6 

(d)  Repeated  G.C.D.  Method  with  Newton’s  Method 

0.  1 0000000000000330  01  +  0.  9999999999999706D  00  i  6 

0.  1 000000000000033D  01  —  0.  9999999999999706D  00  i  6 
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The  Whitetail  Deer  of  the  Aransas  National 
Wildlife  Refuge1 

by  MARSHALL  WHITE 

Department  of  Forestry  and  Conservation 
Purdue  University ,  Lafayette ,  Indiana 2 


ABSTRACT 

The  dense  population  of  whitetail  deer  ( Odocoileus  virginianus )  on  the  Aransas 
National  Wildlife  Refuge  on  the  Texas  coast  was  studied.  Procedures  centered  about 
herd  census  and  observation  and  a  collection  of  1 13  deer.  The  Aransas  refuge  con¬ 
tains  large  areas  of  dense  liveoak  ( Quercus  virginiana )  brush,  taller  oak  thickets, 
upland  meadows,  and  marshland.  This  excellent  deer  habitat  supports  approximately 
100  deer  per  square  mile,  or  more.  Gross  productivity  was  157  fetuses  per  100  adult 
does.  Summer  loss  of  young  fawns  was  60%,  and  in  autumn  the  remaining  fawns 
represented  about  20%  of  the  herd.  This  population  has  been  increasing  since  the 
1930’s  and  is  approaching  range  capacity.  Oaks  provided  more  than  half  of  the  annual 
food  (acorns  alone  represented  41%),  and  good  quality  forage  apparently  is  avail¬ 
able  throughout  the  year. 

In  response  to  this  diet,  and  the  absence  of  extended  drought,  harsh  winters,  or 
hunting,  the  adult  sex  ratio  roughly  is  equal,  and  the  marked  post-rut  weight  loss 
common  to  male  deer  is  absent.  These  deer  breed  and  fawn  a  month,  or  more,  earlier 
than  populations  farther  west  in  Texas.  This  is  manifestation  of  the  deer’s  consider¬ 
able  ability  in  adapting  to  local  environments,  and  doubtless  it  is  related  closely  to 
plant  phenology. 

INTRODUCTION 

The  Aransas  National  Wildlife  Refuge  area  has  harbored  a  dense 
population  of  whitetail  deer  for  many  years.  Halloran  (1943)  investi¬ 
gated  this  isolated  herd  nearly  30  years  ago,  and  made  periodic  cursory 
surveys  for  many  years  thereafter.  The  present  study  included  1964 
and  1965  only.  It  was  undertaken  to  expand  upon  Halloran’s  work, 
and  to  compare  this  whitetail  population  with  that  on  Welder  Wildlife 
Refuge  25  miles  to  the  southwest. 

1  A  cooperative  study  published  as  Purdue  University  AES  Journal  Paper  No. 
4400,  and  as  Welder  Wildlife  Foundation  Contribution  No.  145. 

2  Present  address:  School  of  Forestry  &  Conservation,  and  Museum  of  Vertebrate 
Zoology,  University  of  California,  Berkeley  94720. 

The  Texas  Journal  of  Science,  Vol.  XXIV,  No.  4,  March,  1973. 


458 


THE  TEXAS  JOURNAL  OF  SCIENCE 


THE  STUDY  AREA 

The  Aransas  National  Wildlife  Refuge,  on  the  Texas  Gulf  Coast,  is 
best  known  as  the  winter  home  of  the  whooping  crane  ( Grus  ameri- 
cand)  and  other  waterfowl  (Shields  and  Benham,  1969).  It  occupies 
approximately  47,000  acres  on  the  Blackjack  Peninsula,  bounded  by 
Saint  Charles  and  San  Antonio  bays.  It  is  7  miles  south  of  Austwell, 
and  lies  in  parts  of  Aransas,  Calhoun,  and  Refugio  counties. 

Temperatures  are  moderate  to  high  all  year.  In  1964  average 
monthly  temperatures  ranged  from  53°F  in  February  to  86°F  in 
August.  Average  annual  precipitation  for  the  past  25  years  has  been 
34  inches,  with  extremes  of  58  inches  in  1960  and  19  inches  in  1963. 
August  and  September  are  the  wettest  months,  and  March  and 
November  are  the  driest.  The  years  1962  through  1965  all  had  below 
average  rainfall,  and  1963  was  the  driest  year  in  refuge  history 
(Halloran,  1964;  and  Aransas  refuge  weather  records) . 

In  pristine  times  the  peninsula  supposedly  had  a  more  savannah-like 
vegetation  than  it  does  today  (Allen,  1894).  It  was  homesteaded  early 
in  19th  century;  farming  was  not  successful,  and  cattle  ranching  be¬ 
came  the  primary  industry. 

At  present  the  refuge  vegetation  consists  mostly  of  oak  brushland, 
taller  oak  thickets,  savannahs,  and  meadows.  These  are  interspersed 
with  sloughs,  ponds,  and  swales,  that  give  way  to  salt  marshes  and 
salt  flats  along  the  bays.  Soils  predominantly  are  sandy,  and  the  land 
is  nearly  flat  (Blakey,  1947).  Table  1  gives  the  major  habitat  types 
and  their  size  according  to  an  inventory  by  refuge  personnel  (Anony¬ 
mous,  1965).  Brushland  covers  44%  of  the  area,  and  liveoak  is  by  far 
the  dominant.  Liveoak  occurs  in  both  shrub  and  tree  form.  The  trees 
are  scattered  in  small  groves,  or  mottes,  up  to  several  acres  in  size.  The 
brush  often  is  very  dense,  and  it  varies  from  a  few  inches  to  1 0  feet  in 
height.  It  is  one  of  the  most  aggressive  local  invaders,  and  it  apparently 
has  replaced  much  of  the  original  savannah.  Brush  density  ranged  up 
to  250,000  live  stems  per  acre  28  years  ago  (Blakey,  1947) . 

After  liveoak,  laurel  oak  (Q.  lauri folia) ,  blackjack  oak  (Q.  mari- 
landica ),  redbay  {Per sea  borbonia) ,  waxmyrtle  (Myrica  cerifera ), 
beautyberry  {Callicarpa  americana ),  yaupon  {Ilex  vomitoria ),  tree 
huckleberry  (V dccinium  arboreum) ,  and  prickly  ash  {Xanthoxylum 
hirsutum)  are  the  most  numerous  trees  and  shrubs.  Greenbriar 
{Sm  lax  bona-nox)  and  mustang  grape  {Vitis  mustangensis)  are  com¬ 
mon  woody  vines.  Sandburs  {Cenchrus  spp.),  paspalums  {Paspalum 
spp.),  three-awns  {Aristida  spp.),  dropseeds  {Sporobolus  spp.),  blue- 
stems  {Andropogon  spp.),  and  lovegrasses  {Eragrostis  spp.)  are  com- 
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Table  1 

Major  Aransas  refuge  habitat  types  (Anonymous,  1965). 


Habitat  type 

Acreage 

Percent  of 
total  acreage 

Cropland 

730 

1.5 

Grassland  (with  some  brush)  * 

16,739 

35.4 

Marsh* 

798 

1.7 

Water 

1,560 

3.3 

Salt  flat 

6,361 

13.4 

Brushland* 

21,055 

44.4 

Sand 

18 

.3 

Total  deer  habitat 

38,592 

81.5 

Total  acreage 

47,261 

100.0 

*  Deer  habitat. 


mon  grasses.  Ragweeds  ( Ambrosia  spp.),  phylas  ( Phyla  spp.),  part¬ 
ridge  peas  ( Cassia  spp.),  euphorbias  ( Euphorbia  spp.),  sneezeweeds 
(. Helenium  spp.),  eupatoriums  ( Eupatorium ,  spp.),  fleabane  ( Eri - 
geron  myrionactis) ,  crotons  ( Croton  spp.),  and  horsemint  ( Monarda 
punctata ),  are  typical  forbs  of  the  brushland.  These  and  others  also 
dominate  the  meadows.  Scientific  names  of  plants  follow  Gould 
(1962). 

Although  burning  was  a  common  early  practice,  it  occurred  less 
often  after  establishment  of  the  refuge.  In  recent  years,  however,  large 
acreages  have  been  cut  with  mowing  machines  in  an  effort  to  retard 
brush  encroachment  (Blakey,  1947).  This  mowing,  heavy  grazing 
and  browsing  by  cattle  and  deer,  and  the  infrequency  of  fire,  have 
favored  the  dense  shrub  growth.  Crotons,  ragweeds,  fleabane,  partridge 
peas,  eupatoriums,  sneezeweeds,  and  phylas  dominate  mowed  units 
and  other  disturbed  areas  until  they  are  shaded  out  by  brush. 

Large  numbers  of  cattle  long  have  occupied  the  peninsula.  In  1965 
the  stock  was  reduced  to  about  2,500  head  (about  one  per  19  acres). 
Under  former  stocking  rates  rank  forb  growth  was  encouraged  along 
roadsides,  and  in  meadows  and  mowed  areas.  Where  grazing  is 
restricted,  however,  grass  stands  can  be  numerous  and  dense. 

There  is  an  abundance  of  waterfowl  and  other  birdlife  on  the  refuge. 
Black  vultures  ( Coragyps  atratus)  and  turkey  vultures  ( Cathartes 
aura )  both  are  abundant,  and  they  quickly  clean  deer  carcasses.  The 
dense  brushland  favors  predators;  coyotes  {Canis  latrans)  and  bobcats 
{Lynx  rufus)  are  common,  and  gray  foxes  {Urocyon  cinereoargen- 
teus)  are  reported  occasionally.  Domestic  hogs  (Sus  scrofa)  ran  the 
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open  range  in  the  early  days,  and  they  were  rounded  up  periodically 
for  harvest.  Later,  but  before  establishment  of  the  refuge,  European 
wild  boar  (Sus  scrofa)  were  introduced  (Halloran  and  Howard,  1956). 
Many  hogs  of  mixed  parentage  survive  today  in  a  feral  state  despite 
efforts  to  discourage  them.  From  1955  to  1964  more  than  2,000  were 
removed  by  refuge  personnel  (Halloran,  1964). 

ARANSAS  REFUGE  DEER 

According  to  Halloran  (1943)  deer  were  numerous  on  the  Black¬ 
jack  Peninsula  before  a  major  die-off  in  the  late  1850’s.  They  again 
were  scarce  for  some  years  prior  to  1924  when  the  ranchers  con¬ 
structed  a  high  fence  across  the  north  boundary  and  excluded  hunting. 
The  deer  population  began  increasing  steadily  about  this  time.  The 
fence  remains  today,  and  beyond  the  fence,  much  of  the  land  is  culti¬ 
vated  and  little  deer  habitat  exists.  The  combination  of  water  on  3 
sides,  and  much  farmland  on  the  other,  makes  this  a  rather  isolated 
deer  population. 

As  is  common  in  many  areas  of  Texas  and  the  southern  U.  S.,  a 
variety  of  exotic  wildlife  has  been  introduced  to  the  refuge  area.  Ap¬ 
proximately  50  whitetails  were  introduced  between  1925  and  1937. 
Most  of  these  apparently  were  from  farther  south  in  Texas.  Some 
may  have  been  obtained  locally,  and  at  least  one  was  from  Georgia 
(Halloran,  1943).  Fifty  mule  deer  (O.  hemionus )  from  Utah,  and  500, 
or  more,  fallow  deer  ( Dama  dama)  also  were  introduced;  but  these 
exotics  all  died  out  or  were  removed  (Halloran  and  Howard,  1956). 
Additionally,  13,100  deer  from  the  Aransas  refuge  were  transplanted 
to  restock  ranges  throughout  Texas  and  into  other  states  from  1940 
through  1961  by  the  Texas  Parks  and  Wildlife  Department  (Halloran, 
1964).  As  of  1965  there  had  been  no  deer  hunting  allowed  since  the 
refuge  was  established. 

Because  of  these  transplants  there  has  been  doubt  about  the  taxo¬ 
nomic  status  of  the  Aransas  deer.  According  to  Hall  and  Kelson  ( 1 959) 
O.  v.  texanus  occupies  almost  all  of  Texas,  but  O.  v.  mcilhennyi  is 
found  along  the  Louisiana  coast  and  along  the  southeast  coast  of  Texas 
about  as  far  west  as  the  Aransas  refuge.  In  an  attempt  to  determine  if 
the  deer  on  the  Aransas  refuge  were  physically  different  from  those  on 
the  nearby  Welder  refuge,  skulls  from  both  herds  were  sent  to  the  U.  S. 
Bureau  of  Sport  Fisheries  and  Wildlife  in  Washington,  D.  C.  There 
R.  H.  Manville  supervised  an  examination  of  5  male  and  5  female 
skulls  from  mature  deer  from  each  refuge.  These  were  compared  with 
whitetail  specimens  in  the  U.  S.  National  Museum  collections,  which 
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included  23  skulls  from  the  Aransas  refuge  identified  as  O.  v.  mcil- 
hennyi. 

Welder  refuge  deer  skulls  were  considerably  larger  than  Aransas 
skulls.  Condylobasal  length,  a  character  frequently  used  to  separate 
ungulate  taxons,  ranged  from  264  to  279  mm  in  Welder  males,  and 
from  253  to  259  mm  in  Aransas  males.  In  Welder  females  the  range 
was  255  to  257  mm,  and  in  Aransas  females  it  was  225  to  240  mm. 
There  was  no  overlap  in  the  condylohasal  length,  among  deer  of  the 
same  sex,  between  the  two  refuges. 

Dr.  Manville  tentatively  assigned  deer  from  the  Welder  refuge  to 
O.  v.  texanus  and  those  from  the  Aransas  refuge  to  O.  v.  mcilhennyi. 
I  assume,  then,  that  the  whitetails  on  the  Welder  refuge  and  in  the 
bulk  of  Texas  are  O.  v.  texanus  and  that  the  Aransas  herd  represents 
a  westernmost  population  of  O.  v.  mcilhennyi ,  which  is  present  in 
Texas  only  along  the  southeastern  Gulf  Coast.  This  agrees  with  Hal- 
loran’s  (1961)  appraisal. 

Population  estimate 

Deer  were  observed  and  counted  along  a  28-mile  auto  route.  This 
route  sampled  most  of  the  deer  habitat  except  that  at  the  southwest 
end  of  the  refuge.  Deer  were  counted  in  the  first  and  last  hours  of  day¬ 
light,  when  they  were  most  active.  They  were  recorded  as  male  and 
female  fawns  (0-11  months),  yearlings  (12-13  months),  and  mature 
individuals  (24  months  and  older) .  May  was  assumed  to  be  the  month 
of  birth.  Both  yearlings  and  mature  deer  were  termed  adults.  Antler 
buds  distinguished  male  from  female  fawns  after  mid-October.  By 
November  these  were  1  to  2  inches  long  on  most  males,  and  the  fawn 
sex  ratio  was  determined  at  this  time  by  observing  individuals  care¬ 
fully  through  a  spotting  scope  at  distances  up  to  100  yards. 

A  strip  census  was  used  to  estimate  the  total  deer  population.  The 
sample  strip  extended  50  yards  on  each  side  of  the  road  center.  The 
total  population  was  extrapolated  using  the  deer  habitat  acreage  only 
(Table  1).  October  through  December  census  results  were  the  most 
uniform  and  representative. 

According  to  this  strip  census  there  were  about  6,170  deer  on  the 
refuge  in  the  autumn  of  1964  (95%  confidence  interval  =  5,259- 
7,082).  This  amounted  to  one  deer  per  6  acres,  or  107  per  section. 
Results  showed  5,715  (95%  confidence  interval  =  4,665-6,764)  deer 
in  the  fall  of  1965.  These  estimates  do  not  necessarily  indicate  a  decline 
in  numbers,  because  the  confidence  intervals  overlap  considerably.  Of 
great  importance  are  visibility  considerations.  Any  deer  census  on  a 
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large  and  dense  brushland  such  as  this  will  yield  results  that  are  con¬ 
jectural.  The  strip  census  worked  well  for  me  on  the  much  more  open 
Welder  refuge,  it  gave  reasonable  results  in  initial  tests  here,  and  it 
was  the  most  feasible  census  alternative.  My  interpretation  of  the 
results  is  that  the  Aransas  refuge  harbored  a  population  of  about  6,000 
deer,  and  that  numbers  were  not  appreciably  different  in  the  autumns 
of  1964  and  1965. 

Table  2 

Autumn  sex  and  age  ratios  for  deer  in  1964  and  1965  based  on  October  through 
December  censuses. 


Mature  deer  Yearlings  All  Fawns  Sample 

Males  Females  Males  Females  Total  adults  Males  Females  Total  size 


Number  per  100 
Mature  does 


1964 

96 

— 

14 

20 

34 

— 

28 

33 

61 

941 

1965 

Percent  of 
Total  herd 

104 

25 

31 

56 

31 

33 

64 

993 

1964 

33 

34 

5 

7 

12 

79 

10 

11 

21 

941 

1965 

33 

30 

8 

10 

18 

81 

9 

10 

19 

993 

Aerial  census  was  not  practical  because  of  the  heavy  brush.  Dur¬ 
ing  Welder  refuge  aerial  deer  counts,  however,  I  arranged  a  morning 
flight  over  the  Aransas  refuge  to  make  a  rough  comparison,  and  it 
appeared  that  the  density  of  deer  was  much  the  same  as  on  the  Welder 
refuge,  which  harbored  a  whitetail  population  of  approximately  100 
per  section  (White,  1966).  Halloran  has  used  a  similar  strip  census  to 
yield  a  cursory  trend  estimate  for  year-to-year  comparisons  using  ap¬ 
proximately  the  same  deer  habitat  acreage.  In  1939-40  his  results 
indicated  a  population  of  approximately  3,740  (Halloran,  1943). 
These  trend  counts  showed  the  population  steadily  increasing  over  the 
years,  and  his  1964  estimate  was  9,338  deer  (Halloran,  1964).  It  is 
possible,  then,  that  there  were  considerably  more  deer  on  the  Aransas 
refuge  than  I  estimated. 

Table  2  presents  sex  and  age  classification  in  the  autumns  of  1964 
and  1965  based  on  the  composite  of  all  censuses  for  October  through 
December.  The  sex  ratio  nearly  was  equal  for  mature  deer  each  year. 
For  the  2  years  combined,  the  ratio  in  yearlings  was  about  76  males 
per  100  females,  and  it  was  89  per  100  females  for  fawns.  Fawns  rep¬ 
resented  about  a  5th  of  the  herd  each  autumn.  It  appears  that  there 
were  fewer  yearlings  in  1964.  This  may  reflect  poorer  survival  of  the 
1963  fawn  crop  caused  by  record  low  rainfall. 
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Table  3 

Average  weights  of  mature  male  deer. 


Time 

period 

Live  weight*  Range 

Field- 

dressed  weight 
Percent  live 
Lbs.  weight 

Full- 

dressed  weight 

Percent  live  Sample 
Lbs.  weight  size 

Aug.  -  Oct. 

127  ±  4f  108-140 

94 

74 

73 

59 

13 

Nov.  -  Jan. 

123  ±4  103  -  144 

96 

77 

74 

60 

10 

Feb.  -  Apr 

125  ±  5  112-141 

93 

74 

76 

61 

7 

May  -  July 

125  ±  7  10  7-144 

87 

70 

71 

56 

11 

*  These  weights  include  5  lbs.  added  to  allow  for  blood  loss. 

f  Standard  i 

error  of  mean. 

Table  4 

Average  weights  of  mature  female  deer. 

Reprod. 

Field- 

Full- 

tract  and 

dressed  weight 

dressed  weight 

Live  fetus  weight 

Percent  live 

Percent  live  Sample 

Month 

weight*  Range  combined 

Lbs. 

weight 

Lbs. 

weight 

size 

Jan. 

93  ±  5f  86  -  101  5.5 

66 

70 

53 

57 

7 

Feb. 

95  ±  4  87-111  6.9 

64 

68 

52 

55 

11 

March 

105  ±  4  90-121  9.5 

69 

66 

57 

54 

11 

April 

105  ±  6  89-119  10.6 

67 

64 

54 

53 

15 

*  These  weights  include  5  lbs.  added  to  allow  for  blood  loss. 

f  Standard  i 

error  of  mean. 

Table  5 

Average  standard  mammal  measurements  (inches)  for  mature  deer. 

Total  Hind 

Tail 

Ear  from 

Sample 

Sex 

length  foot 

length 

notch 

size 

Males 

60.9  ±  .6*  16.8  ±  .2 

8.5  ±  .2 

5.4  ± 

.1 

38 

Females 

56.2  ±  .5  15.8  ±  .2 

7.8  ±  .2 

5.6  ± 

.1 

44 

*  Standard  error  of  mean. 


Deer  size  and  condition 

Deer  were  shot  with  a  rifle  in  the  early  morning.  They  were  bled 
thoroughly  and  transported  to  the  laboratory  for  necropsy.  Four  or 
five  males  were  taken  each  month  from  August,  1964,  through  July, 
1965  (total  =  51) ;  and  62  females  were  taken  in  the  January  through 
April,  1965  period.  Fawn,  yearling,  and  mature  age-classes  were 
assigned  according  to  tooth  replacement.  Average  live  weight  of  41 
mature  males  was  125  lbs.  (Table  3).  These  weights  included  5  lbs. 
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added  to  each  live  weight  to  allow  for  loss  of  blood.  Weights  of  bucks 
remained  remarkably  constant  throughout  the  year.  Average  weights 
of  44  mature  gravid  does  ranged  from  93  lbs.  in  January  to  105  lbs.  in 
March  and  April.  Reproductive  tracts  with  fetuses  averaged  5.5  lbs. 
in  January  and  10.6  lbs.  in  April,  just  before  parturition  (Table  4). 
Standard  measurements  are  given  in  Table  5. 

Live  weight  and  total  length  averages  were  significantly  lower  (P  = 
<0.05)  for  both  males  and  females  on  the  Aransas  refuge  than  for 
those  on  the  Welder  refuge  (White,  1966).  Field-dressed  weights 
(viscera  only  removed)  and  full-dress  weights  (viscera,  hide,  head 
and  feet  removed)  are  included.  Average  perirenal  fat  stores,  the  fat 
adhering  directly  to  the  outside  of  the  kidney  (Ransom,  1965),  varied 
from  65  to  115%  of  kidney  weight  in  males  and  from  100  to  200%  in 
females.  These  fat  stores  in  males  were  lowest  in  December  and  Janu¬ 
ary.  and  in  females  they  declined  steadily  through  gestation. 

Reproductive  phenology 

Reproductive  tissues  were  measured  fresh  and  then  hardened  in 
10%  formalin  and  stored  in  70%  ethanol.  Ovaries  were  sectioned  and 
the  number  of  corpora  lutea  and  apparent  corpora  albicantia  were 
recorded  (Cheatum,  1949) .  Fetuses  were  weighed  to  the  nearest  gram, 
and  the  crown-  or  forehead-rump  length  was  recorded  in  millimeters. 
Age  was  assigned  according  to  the  methods  of  Cheatum  and  Morton 
(1946)  and  using  the  descriptions  and  keys  of  Armstrong  (1950).  An 
average  gestation  period  of  195  days  was  assigned  based  upon  studies 
at  the  Welder  refuge  (White,  1966) . 

The  volume  of  a  testis  was  determined  by  water  displacement  after 
removing  the  epididymis.  Average  testis  volume  for  42  mature  males 
collected  throughout  the  year  ranged  from  9  cc  in  the  spring  to  35  cc 
in  September  (Table  6) .  Testes  reached  maximum  size  about  a  month 
before  rutting  activity  was  observed. 

Antler  drop  began  in  December  and  continued  through  February. 
New  antler  growth  became  apparent  in  late  March  or  early  April,  and 
the  antlers  completed  growth  in  August.  Velvet  shedding  occurred  in 
the  last  half  of  August  through  mid-September.  Bucks  with  swollen 
necks  appeared  first  in  early  September,  and  the  first  few  bucks  began 
sparring  with  one  another  regularly  and  showing  interest  in  does  by 
mid-September. 

According  to  fetus  size  the  first  does  conceived  in  late  September, 
and  72%  were  bred  successfully  between  16  October  and  4  November 
(Table  7).  The  last  of  the  collected  does  had  conceived  by  mid-De¬ 
cember. 
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Table  6 


Testis  volume  by  month  for  mature  bucks  from  August  1964  through  July  1965. 


Month 

Average  volume  (cc) 

Range 

Sample  size 

Jan. 

21 

13-24 

3 

Feb. 

15 

9-19 

2 

March 

9 

8-11 

2 

April 

9 

8-10 

3 

May 

9 

7-11 

4 

June 

11 

11-16 

4 

July 

15 

11-17 

4 

August 

23 

17-29 

4 

Sept. 

35 

27-43 

4 

Oct. 

32 

24-30 

5 

Nov. 

28 

16-32 

3 

Dec. 

28 

25-31 

4 

Table  7 

Estimated  conception  and  parturition  dates  for  49  adult  does  collected  in  1964-65, 
based  on  fetus  size  at  collection  and  a  195-day  gestation  period. 

Conception  period 

Fawning  period 

Percent  of  does 

Sept.  26-Oct.  5 

Apr.  9-18 

2 

Oct.  6-15 

Apr.  19-28 

10 

Oct.  16-25 

Apr.  29-May  8 

36 

Oct.  2&-Nov.  4 

May  9-1 8 

36 

Nov.  5-14 

May  19-28 

10 

Nov.  15-24 

May  29- June  7 

4 

Nov.  25-Dec.  4 

June  8-17 

0 

Dec.  5-15 

June  18-27 

2 

Does  began  dropping  fawns  in  mid-April,  and  the  first  half  of  May 
was  the  peak  period  according  to  fetus  size.  Field  observations  cor¬ 
roborated  these  data  on  conception  and  fawning  phenology.  The  first 
new  fawn  was  observed  in  1965  on  19  April,  and  according  to  refuge 
personnel  the  first  fawn  of  the  year  usually  is  seen  in  the  last  half  of 
April  or  the  first  few  days  of  May.  This  breeding  phenology  schedule 
agrees  closely  with  that  described  by  Halloran  (1943) . 

Three  testis  activity  phases  coincide  with  3  antler  development 
stages  (Robinson,  et  al.,  1965):  full  spemiatogenic  capabilities  coin¬ 
cide  with  hardened  antlers;  antler  shedding  and  absence  occur  when 
testis  tubules  involute;  and  antler  growth  is  concomitant  with  testis- 
size  increase  as  primary  spermatocytes  are  developing. 
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Productivity 

All  but  one  of  44  mature  does  were  pregnant,  as  were  all  yearlings 
(Table  8) .  The  gross  productivity  rates  were  159  fetuses  per  100  indi¬ 
viduals  for  mature  does,  140  for  yearling,  and  157  for  all  adults.  Year¬ 
ling  production  was  significantly  lower  (P  =  <  0.05)  than  that  of  ma¬ 
ture  does. 

In  adult  females  almost  all  corpora  lutea  were  represented  by  fetuses 
and  all  but  one  of  77  fetuses  were  alive  when  collected  (Table  8).  Of 
the  77  fetuses,  39  were  male  and  38  were  female. 


Table  8 


Prenatal  productivity  of  does  in  1965. 


Mature 

Yearlings 

All 

adults 

Fawns 

Number  of  does 

44 

5 

49 

13 

Number  pregnant 

43 

5 

48 

2 

Percent  pregnant 

98 

100 

98 

15 

Corpora  lutea  per  100  does 

166 

140 

163 

38 

Number  of  fetuses 

70 

7 

77 

2 

Number  of  living  fetuses 
Percent  corpora  lutea 

69 

7 

76 

2 

Represented  by  fetuses 
Gross  productivity: 

96 

100 

96 

39 

Fetuses  per  100  does 

159 

140 

157 

15 

Prenatal  loss  (%) 

5 

0 

4 

61 

Prenatal  survival,  as  measured  in  these  adults,  was  96%.  In  con¬ 
trast,  61%  of  the  corpora  lutea  in  fawn  ovaries  were  not  represented 
by  fetuses.  A  higher  rate  of  loss  is  expected  with  fawns,  although  the 
small  sample  size  (5  fawns  had  single  corpora  lutea)  may  have  over¬ 
estimated  the  real  losses  for  this  age-class. 

Does  were  collected  during  the  last  4-months  of  gestation.  Several 
of  those  collected  in  April  were  within  2  weeks  of  fawning.  Had  late- 
term  losses  been  common  they  probably  would  have  been  detected. 
Prenatal  losses,  then,  appeared  unimportant  among  adults  but  high  for 
fawns. 

Fawns  apparently  contribute  consistently  to  annual  production  on 
the  Aransas  refuge.  Two  of  13  fawns  carried  single  fetuses.  This  would 
be  a  gross  productivity  rate  of  15  per  100  if  the  sample  was  representa¬ 
tive.  Primary  corpora  albicantia  in  the  5  yearlings,  perhaps  indicating 
their  production  rate  in  the  previous  year,  suggested  20  fetuses  per  100 
for  these  does  as  fawns  in  1964. 
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Net  productivity,  the  number  of  fawns  per  100  adult  does  in  the 
autumn,  was  61  in  1964,  and  64  in  1965.  In  these  two  years  fawns 
represented  21%  and  19%  of  the  autumn  population,  respectively 
(Table  2).  Considering  the  gross  productivity  of  both  adults  and 
fawns,  the  ratio  of  64  fawns  per  100  adult  does  in  the  fall  represented 
a  40%  survival  through  the  summer  of  1965.  The  net  productivity  of 
61  fawns  per  100  does  in  1964  suggested  a  similar  rate  of  loss  for  that 
year,  although  gross  productivity  data  were  not  available. 

No  age  structure  analysis  of  the  mature  herd  was  made.  The  rate  of 
tooth  wear  appeared  to  be  twice  that  occurring  on  the  Welder  refuge, 
and  the  wear  patterns  were  not  uniform.  The  predominantly  sandy 
soils,  with  sand  commonly  blowing  onto  food  plants,  doubtless  caused 
this  rapid  tooth  erosion.  Cementum  deposition  patterns  in  the  incisors 
were  indistinct,  perhaps  because  of  constant  food  sources  throughout 
the  year. 

Food  habits 

Samples  included  5  deer  each  month  from  August,  1964  through 
July,  1965;  bucks  and  does  were  included  from  January  through  April 
and  bucks  only  during  the  rest  of  the  year.  No  gross  differences  were 
observed  between  the  food  habits  of  bucks  and  does,  although  this  was 
not  tested  in  detail.  Rumen  contents  were  stirred  and  mixed,  and  a 
one-pint  sample  was  taken  consisting  of  small  amounts  from  various 
locations  in  the  rumen.  This  food  was  placed  in  a  cheesecloth  bag  and 
rinsed  and  kneaded  until  free  of  rumen  juices,  and  then  stored  in  10% 
formalin.  Later  the  sample  was  transferred  to  a  lab  tray  and  just 
enough  water  was  added  to  suspend  the  material  loosely.  This  amount 
was  then  subsampled,  using  a  small  point  frame  constructed  to  fit  over 
the  tray,  according  to  the  methods  of  Chamrad  and  Box  (1964) . 

Robel  and  Watt  (1970)  compared  the  point  frame  method  and  the 
standard  volumetric  method  of  deer  food  habit  analysis.  They  found 
no  significant  difference  (P  =  >  0.05)  between  the  results  of  the  two 
methods  when  several  samples  were  pooled  and  the  means  compared, 
as  I  have  done  with  the  5  samples  from  each  month.  Differences  of 
5-27%  occurred  when  the  results  for  individual  rumena  were  com¬ 
pared  (Robel  and  Watt,  1970) .  Discrepancies  were  largest  when  there 
was  considerable  size  difference  in  food  items.  Aransas  deer  food  items 
varied  in  size  from  whole  leaves  or  acorns  to  small  bits,  and  my  results 
may  he  biased  slightly  for  this  reason.  The  results  also  may  be  biased 
in  favor  of  hard  browse  and  mast  material  and  against  delicate  herbage 
that  may  break  down  quickly  in  the  rumen,  as  suggested  by  some 
workers  (e.g.  Norris,  1943;  Wilson,  1969). 
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Plant  fragments  were  identified  with  the  aid  of  a  pressed  plant  col¬ 
lection  and  plants  preserved  in  formalin  to  simulate  rumen  contents. 
Items  were  listed  as  mast,  browse,  forb,  or  grass  and  identified  to  genus 
and  species  when  possible. 


Fig.  1.  Relative  amounts  of  four  forage  classes  eaten  in  1964—1965. 


MAST  BROWSE 

Fig.  2.  Components  (%)  of  mast  and  browse  diet  in  1964-1965. 
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The  food  habits  study  was  supplemented  by  a  cursory  description  of 
plant  species  composition  in  the  autumn  of  1964  along  the  collection 
route  where  feeding  deer  were  shot. 

Forbs  (including  mushrooms)  occurred  in  all  rumena,  mast  in  84%, 
browse  in  80%,  and  grasses  occurred  in  52%.  Mast  dominated  the 
foods  from  August  through  March,  and  heavy  browsing  occurred  in 
April,  May  and  June  only.  Deer  grazed  forbs  and  grasses  rather  uni¬ 
formly  throughout  the  year  (Fig.  1 ) . 

Mast.  Mast  consumption  varied  from  a  trace  in  May  to  nearly  75% 
in  December  (Fig.  1 ) ,  and  it  represented  44%  of  the  total  food.  Acorns 
accounted  for  95%  of  this  mast.  Mustang  grape,  greenbriar,  yaupon, 
beautyberry,  and  redbay  fruits  occurred  in  small  amounts  (Fig.  2). 

The  species  of  acorns  were  not  differentiated,  but  liveoak  acorns 
were  by  far  the  most  available,  both  in  number  and  height  of  plants. 
The  few  acorns  occurring  in  June  were  old,  and  the  new  crop  first  ap¬ 
peared  in  rumena  in  July.  Yaupon  fruits,  which  remained  available  in 
small  amounts  most  of  the  year,  were  eaten  in  9  months. 

Browse.  Browse  consumption  varied  from  1  %  in  November,  when 
acorns  made  up  most  of  the  diet,  to  58%  in  May,  and  it  constituted 
23%  of  the  yearly  diet.  Liveoak  leaves,  stems,  and  inflorescences  ac¬ 
counted  for  65%  of  the  browse  (Fig.  2)  and  liveoak  made  up  about  % 
of  the  available  browse.  Yaupon,  laurel  oak,  greenbriar,  and  redbay 
occurred  regularly,  and  prickly  ash,  dewberry  ( Rubus  trivial's ),  wax- 
myrtle,  and  tree  huckleberry  supplied  small  amounts  of  browse. 
Greenbriar  and  dewberry  are  vines  and  the  rest  occurred  as  shrubs 
and/or  trees. 

Grasses  and  Forbs.  These  were  scattered  through  the  brush,  in  small 
meadows  and  openings,  and  along  roads  and  trails  or  mowed  areas. 
Grasses  made  up  about  20%  of  the  herbaceous  cover  sampled.  Abun¬ 
dant  kinds  were  sandburs,  three-awns,  paspalums  and  bluestems. 
Grass  consumption  ranged  from  a  trace  in  August  and  April  to  9%  by 
volume  in  September.  Grass  fragments  were  difficult  to  identify.  Only 
panics  ( Panicum  spp.),  gramas,  and  sandburs,  amounting  to  about 
15%  of  the  grass  diet,  combined,  were  recognized. 

Forbs  made  up  about  80%  of  the  herbaceous  cover  along  the  collec¬ 
tion  route.  Ragweeds,  phylas,  partridge  peas,  euphorbias,  sneezeweeds, 
eupatoriums,  fleabane  and  crotons,  were  the  most  common  in  autumn. 
Forb  consumption  ranged  from  1 1  %  in  February  to  44%  in  July,  and 
forbs  represented  29%  of  the  diet.  They  provided  the  most  variety  of 
all  forage  classes;  41  kinds  were  identified  in  the  rumena.  Fleabane, 
the  most  important,  occurred  with  36%  frequency;  it  represented 
approximately  10%  of  the  forb  diet  and  3%  of  the  yearly  food  by 
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volume.  Only  9  other  forbs  amounted  to  as  much  as  1  %  of  the  total 
volume:  Baptisia  ( Baptism  laevicaulis) ,  diodia  ( Diodia  teres),  mush¬ 
rooms  (Agaricaceae) ,  prostrate  euphorbia,  lazy  daisy  ( A phanostephus 
skirrhobasis ) ,  commelina  ( Commelina  erectd) ,  eupatoriums,  partridge 
peas,  and  tropical  Mexican-clover  ( Richardia  brasiliensis) . 

DISCUSSION 

The  Aransas  refuge  deer  population  has  some  unusual  characteris¬ 
tics.  Numbers  have  been  increasing  since  the  1930’s,  and  currently 
density  is  quite  high.  A  density  of  100  per  square  mile  is  comparable 
to  that  on  the  Welder  refuge  (White,  1966)  and  to  those  reported  in 
the  Llano  Basin  of  central  Texas  (Teer,  et  al,  1965),  but  it  is  not  as 
high  as  reported  by  Marburger  and  Thomas  (1965)  for  parts  of  the 
Llano  Basin  in  more  recent  years.  These  3  Texas  habitats  sustain 
much  higher  densities  than  do  most  whitetail  ranges  in  North  America 
(Teer,  et  al.,  1965),  and  they  are  examples  of  the  remarkable  deer 
carrying  capacity  of  some  Texas  rangelands. 

Food  resources 

Excellent  food  resources  are  available,  apparently  through  most  of 
the  year,  as  evinced  by  the  diet  and  the  large  fat  stores  of  all  adult  deer 
collected.  Liveoak,  the  outstanding  plant  dominant,  provided  57% 
of  the  yearly  food.  Mast  and  browse  represented  %  of  the  annual  diet, 
and  acorns  alone  supplied  nearly  half.  Five  plant  species  made  up 
67%  of  the  foods,  and  15  species  accounted  for  82%.  Only  53  taxa 
were  identified,  although  a  more  thorough  treatment  doubtless  would 
uncover  numerous  additional  ones. 

The  importance  of  acorns  in  the  whitetail  diet  has  been  reported  for 
many  ranges,  particularly  in  the  south.  Dunkeson  (1955)  discussed 
acorns  in  the  diet  of  Missouri  whitetails  and  observed  that  the  deer  fed 
less  on  browse  when  acorns  were  available.  Korschgen  (1962)  found 
that  Quercus  supplied  39%  of  the  statewide  whitetail  diet  in  Missouri, 
and  was  the  most  important  single  food.  Pearson  (1943)  in  Alabama, 
Hahn  (1945)  in  Texas,  Lindzey  (1952)  in  Oklahoma,  and  Harlow 
(1959)  in  Florida  all  found  acorns  to  be  a  whitetail  diet  staple. 

Lay  (1965)  pointed  out  the  importance  of  fruits  to  East  Texas 
whitetails.  Acorns  were  the  most  frequently  identified  item  and  were 
common  in  the  diet  from  September  through  February  (Lay,  1965). 
He  suggested  that  high  utilization  of  fruits  was  expected  because 
browse  in  the  southern  forests  often  is  produced  in  soils  of  low  fertility 
and  it  often  is  not  a  nutritious  food  supply.  Deficiencies  in  forage  qual- 
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ity  are  common  in  southern  deer  environs,  especially  in  the  late  sum¬ 
mer  and  winter  (Lay,  1957;  Goodrum  and  Reid,  1962).  The  best 
ranges  are  those  that  provide  a  mast  crop,  principally  acorns,  large 
enough  to  augment  appreciably  the  late  fall  and  winter  diet. 

In  this  respect  the  Aransas  refuge  stands  out  as  whitetail  range 
at  its  best.  Acorns  are  available  to  many  deer  populations,  but  not  often 
in  such  quantity.  Acorn  production  is  noted  for  large  fluctuations  from 
year  to  year,  and  heavy  crops  frequently  occur  only  at  intervals  of  2  to 
6  years  (Downs  and  McQuilkin,  1944;  Goodrum,  et  al. ,  1971).  Ap¬ 
parently  acorn  production  on  the  Aransas  refuge  does  not  vary  as 
much  as  in  other  areas.  I  find  no  indication  of  markedly  low  produc¬ 
tion  in  refuge  records  or  in  discussion  with  refuge  personnel.  There 
have  been  variations  from  year  to  year  and  records  of  light  crops,  but 
crop  failures  apparently  are  uncommon.  Feral  hogs  and  the  cattle  are 
the  most  active  competitors  for  acorns.  Unlike  many  hardwood  areas 
where  the  nuts  mostly  are  out  of  reach  until  the  fall,  most  of  the  acorns 
on  the  Aransas  refuge  are  produced  on  oak  brush,  and  many  can  be 
picked  off  by  the  deer.  Good  drainage,  provided  by  sandy  soils,  helps 
keep  those  that  do  fall  dry  and  it  retards  decomposition  so  that  acorns 
can  be  eaten  through  the  spring. 

The  abundance  of  acorns,  then,  provides  the  deer  with  much  high- 
energy  and  easily  digestible  food  during  the  fall  and  winter,  and  it  is 
not  necessary  for  them  to  rely  heavily  upon  browse.  A  rather  uniform 
rainfall  pattern  and  mild  temperatures  produce  herbaceous  growth 
yearlong,  and  this  is  in  the  diet  consistently.  These  whitetails  eat  large 
amounts  of  browse  only  during  the  spring  (Fig.  1 )  when  the  shoots  are 
growing  and  they  have  a  high  protein  and  energy  content,  and  a  low 
fiber  content.  Acorns  are  low  in  protein,  but  they  may  contain  as  much 
as  30%  fat  and  50%  digestible  carbohydrate  by  weight  (Lay,  1969). 
Acorns  probably  provide  as  much  gross  energy  by  weight  as  any  major 
deer  food  item  in  the  southern  upland  forests  (Short,  1969).  Growing 
forbs  and  mushrooms  provide  higher  protein  content  than  do  acorns 
(Short,  1969);  mushrooms  may  provide  as  much  as  30%  protein  by 
dry  weight  (Miller  and  Halls,  1969).  With  these  sources  of  protein 
and  other  growth  nutrients,  and  with  the  energy  stored  in  the  acorn 
crop,  there  is  no  prolonged  period  of  the  year  when  quality  forage  is 
in  short  supply.  Probably  the  only  examples  of  southern  whitetail 
ranges  markedly  better  than  the  Aransas  refuge  for  deer  would  be 
those  where  the  deer  have  access  to  cultivated  crops  through  much  of 
the  year. 

It  is  evident  that  the  best  deer  ranges  are  those  that  provide  abun¬ 
dant  foods  in  addition  to  browse  (Smith,  1952;  Taber  and  Dasmann, 
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1958;  Chamrad  and  Box,  1968;  Nellis  and  Ross,  1969;  Klein,  1970). 
Except  during  the  period  of  its  active  growth,  browse  may  not  be  as 
nutritious  a  deer  food  as  has  been  assumed  (Wilson,  1969).  Forbs, 
mast,  mushrooms,  and  a  few  kinds  of  grasses  represent  excellent  deer 
foods,  and  often  these  are  taken  in  preference  to  browse  (Anderson, 
et  al. ,  1965;  Coblentz,  1970).  Dunkeson  (1955)  reported  the  food  hab¬ 
its  of  2  whitetails  placed  in  a  90-acre  enclosure  in  the  Missouri  Ozarks. 
There  was  abundant  forage,  and  the  deer  apparently  subsisted  on 
preferred  foods  because  of  the  low  stocking  rate.  Green  forks  supplied 
the  major  part  of  the  diet,  particularly  from  March  to  November. 
Fungi,  acorns,  other  seeds  and  fruits,  and  grasses  were  important,  and 
little  winter  use  was  made  of  deciduous  or  evergreen  twigs. 

Browse  represents  a  much  more  nutritious  food  source  when  grow¬ 
ing  or  when  green  leaves  are  attached  than  during  the  period  of  dor¬ 
mancy  or  leaf  fall  (Short,  1969) .  The  leaves  of  browse  plants  often  are 
the  most  favored  part  (Watts,  1964;  Anderson,  et  al .,  1965).  High 
lignin,  fiber,  or  bactericidal  oil  content  often  cause  digestibility  to  be 
low  in  woody  twigs  in  fall  and  winter  (Nagy,  et  al. ,  1964;  Short,  1969, 
1971)  even  though  more  energy  is  contained  in  the  twigs  than  during 
the  period  of  growth  (McConnell  and  Garrison,  1966).  It  appears, 
then,  that  if  more  nutritious  foods  are  available,  whitetails  will  not 
browse  leafless  woody  twigs  extensively  by  choice,  even  in  winter 
(Nixon,  et  al .,  1970) . 

Productivity 

The  production  of  159  fetuses  per  100  mature  does  was  much  the 
same  as  average  productivity  on  the  Welder  refuge  (White,  1966) 
and  in  the  Llano  Basin  (Teer,  et  al.,  1965) .  It  was,  however,  markedly 
lower  than  the  180-200  fetuses  per  100  mature  does  commonly  pro¬ 
duced  on  the  best  ranges  in  the  northern  part  of  the  whitetail  range 
(Ransom,  1967;  Roseberry  and  Klimstra,  1970).  Production  by  year¬ 
lings  (Table  8)  was  significantly  lower  (P  =  <  0.05),  which  is  the 
usual  case  in  deer  (Teer,  et  al.,  1965;  Ransom,  1967;  Verme,  1969). 
Female  whitetail  fawns  rarely  breed  successfully  in  Texas  (Illige, 
1951;  Teer,  et  al.,  1965),  although  their  regular  contribution  to  herd 
productivity  is  well  known  on  the  northern  part  of  the  range  (Morton 
and  Cheatum,  1946;  Robb,  1959),  where  as  many  as  75%  may  con¬ 
ceive  with  good  range  conditions  (Haugen  and  Trauger,  1962).  Ap¬ 
parently  a  small  percentage  of  the  fawns  on  the  Aransas  refuge  (15% 
in  1965)  consistently  contributes  to  herd  productivity,  and  this  is  fur¬ 
ther  evidence  of  the  excellent  forage  regime. 
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There  is  little  direct  information  available  on  herd  survival  rates. 
Presumably  mortality  overall  was  higher  than  normal  in  1962-1965 
because  of  the  below-average  rainfall,  particularly  in  1963.  This  is 
suggested  by  the  marked  increase  in  yearlings  observed  in  the  autumn 
of  1965  (Table  2). 

Few  deer  carcasses  were  observed  during  this  study,  and  there  was 
no  indication  of  a  large  loss  of  adults  at  any  season.  The  rapid  tooth 
erosion  caused  by  sandy  soils  doubtless  shortens  the  physiological  lon¬ 
gevity  of  adults;  probably  very  few  individuals  live  beyond  8  years. 
If  the  population  was  stable,  the  increment  of  yearlings  in  1965  (Table 
2)  suggested  an  annual  adult  turnover  rate  of  15-20%. 

Total  losses  of  ova  and  fetuses  were  low  among  adult  does,  but  they 
were  high  in  fawns  (Table  8).  This  pattern  is  reported  for  deer  on 
good  ranges,  where  these  losses  commonly  are  10-15%,  or  less  (Taber, 
1953;  Robinette,  et  al. ,  1957;  Ransom,  1967)  among  adult  does  and 
considerably  higher  in  fawns  (Roseberry  and  Klimstra,  1970).  Late- 
term  losses  usually  are  not  reported  because  few  deer  are  obtained  at 
this  time.  However,  I  collected  most  of  these  does  in  the  last  3rd  of 
gestation,  and  there  was  no  indication  of  late-term  losses. 

In  recent  years,  at  least,  death  of  young  fawns  during  the  summer 
apparently  represented  the  largest  annual  mortality  for  this  herd.  This 
also  was  the  case  on  the  Welder  refuge.  It  appears  that  losses  of  young 
fawns  are  much  more  important  in  the  dynamics  of  Odocoileus  than 
generally  has  been  realized  (e.g.,  Allen,  1968) .  On  the  Welder  refuge, 
it  is  usual  for  more  than  half  of  the  potential  fawn  crop  to  die  before 
autumn  each  year.  Few  fawns  are  lost  prenatally,  but  most  die  within 
3  weeks  of  birth.  Predation,  nutritional  failure,  disease,  and  accidents 
are  the  major  mortality  sources  (Cook,  et  al.,  1971 ) . 

The  importance  of  food  quality  and  quantity  to  fawn  survival  is 
well  known  through  Verme’s  several  studies  (see  Verme,  1969)  and 
that  of  Murphy  and  Coates  (1966).  With  inadequate  nutrition,  50- 
90%  of  the  fawns  can  be  lost  (Verme,  1962) .  Some  are  born  dead,  but 
most  are  born  small  and  weak,  and  die  within  a  few  days. 

Goodrum  and  Reid  (1962)  suggested  that  summer  may  be  as  much 
of  a  stress  period  as  winter  for  whitetails  in  the  South.  Late  gestation, 
birth,  and  lactation  represents  the  most  stressing  and  demanding  time 
of  the  year  for  dams.  My  data  indicate  that  the  Aransas  refuge  pro¬ 
vides  a  much  better  forage  regime  than  most  southern  whitetail  popu¬ 
lations  experience,  and  it  is  difficult  to  attribute  this  large  annual  loss 
of  young  fawns  to  nutritional  inadequacy.  However,  the  young  fawn 


474 


THE  TEXAS  JOURNAL  OF  SCIENCE 


is  fragile,  and  some  loss  is  expected  even  on  optimum  range.  Verme 
(1962)  suggested  that  a  10-20%  loss  of  fawns  at  this  time  might  be 
expected  even  under  ideal  range  conditions.  Ullrey,  et  al.  (1971)  re¬ 
ported  such  a  loss  in  penned  whitetails  fed  an  excellent  experimental 
diet.  Ransom  (1967)  postulated  a  20-50%  loss  in  average  years  in 
Manitoba.  On  the  nearby  Welder  refuge,  a  40%  fawn  loss  occurs  even 
with  optimum  range  conditions  (White,  1966) . 

Reports  of  small  losses  of  young  fawns  are  few.  They  occur  most 
frequently  among  enclosed  populations,  low  density  populations,  or  in 
those  with  heavy  adult  losses  (e.g.,  Nellis,  1968;  McGinnes  and  Down¬ 
ing,  1969). 

Based  upon  our  experience  at  the  Welder  refuge  and  the  few  young 
fawn  carcasses  examined  on  the  Aransas  refuge,  I  estimate  that  a  3rd 
of  the  60%  summer  fawn  loss  on  the  Aransas  refuge  was  caused  by 
nutrition-based  complications,  disease,  and  accidents.  The  balance  I 
attribute  to  predators.  The  coyote  doubtless  is  the  principal  predator, 
but  bobcats  regularly  take  a  few  young  fawns  (Cook,  et  al.,  1971 ) . 

An  important  underlying  cause  of  these  large  losses  of  young  fawns 
probably  is  social  stress  resulting  from  the  unusual  deer  density.  Taber 
and  Dasmann  (1957)  found  a  higher  rate  of  fawn  loss  on  better  qual¬ 
ity,  fully  stocked,  mule  deer  range  than  on  the  lightly  stocked,  poorer 
quality  habitat.  They  attributed  this  partially  to  the  larger  percentages 
of  twin  births  on  the  better  range.  Even  on  the  best  ranges,  twin  fawns 
presumably  have  a  lower  survival  rate  than  do  singletons.  Social  in¬ 
teraction  between  dams  and  other  deer  probably  is  more  important. 
Does  tend  to  space  themselves  out  evenly  on  most  deer  ranges  (Das¬ 
mann  and  Taber,  1956;  Hawkins  and  Klimstra,  1970).  The  principal 
reason  for  this  spacing  appears  to  be  mutual  antagonism  between  adult 
does,  and  conflicts  are  not  uncommon.  These  does  are  most  solitary 
and  antagonistic  during  the  fawning  period,  to  the  extent  of  driving 
away  their  own  offspring  of  the  previous  year. 

Taber  and  Dasmann  (1958)  suggested  a  saturation  density  of  36 
fawning  does  per  square  mile  on  their  study  area.  If  my  population 
estimate  was  correct,  there  were  approximately  35-40  fawning  does 
per  square  mile  (Table  2)  on  the  Aransas  refuge.  Social  stress  arising 
from  this  deer  density  doubtless  contributes  importantly  to  the  mor¬ 
tality  of  young  fawns  by  interfering  with  maternal  instincts,  such  as 
the  caring  and  grooming  of  fawns;  inhibiting  lactation;  retarding  the 
rapid  growth  rate;  promoting  abandonment;  or  through  disturbances 
to  fawns  and  dams  by  other  deer.  Any  disturbance  to  a  young  fawn  or 
impairment  of  normal  maternal  behavior  causing  a  fawn  to  wander 
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from  its  secluded  bed  or  to  bleat  could  predispose  the  fawn  to  predation 
or  accidents. 

Reproductive  phenology 

According  to  my  estimates  92%  of  the  does  were  bred  between  6 
October  and  14  November,  and  72%  were  bred  between  16  October 
and  4  November  in  1964  (Table  7).  As  is  common  in  female  deer 
(Cheatum  and  Morton,  1946;  Roseberry  and  Klimstra,  1970)  year¬ 
lings  tended  to  breed  later  than  mature  does  and  fawns  tended  to  breed 
even  later.  These  yearlings  bred  in  late  October  and  early  November, 
and  the  fawns  bred  in  November.  It  appeared  to  be  the  oldest  fawns 
that  were  bred  successfully,  as  Roseberry  and  Klimstra  (1970)  found. 
The  11  nonparous  fawns  had  an  average  weight  of  59  lbs.,  and  the  2 
gravid  fawn  weights  averaged  73  lbs. 

Deer  in  North  America  generally  breed  in  autumn  or  winter  and 
fawn  in  spring  or  summer.  Many  populations  rut  in  November  and 
fawn  in  June  in  the  United  States  (Severinghaus  and  Cheatum,  1956; 
Einarsen,  1956),  but  reported  rutting  periods  vary  from  August 
through  March.  Most  gestation  period  estimates  range  from  183-210 
days  with  an  average  of  195-205  days  (Severinghaus  and  Cheatum, 
1956;  Short,  1970). 

There  is  evidence  suggesting  that  the  breeding  season  of  Odocoileus 
tends  to  occur  earlier  with  increasing  latitude,  and  that  the  onset  of  the 
rut  is  affected  by  photoperiod  (Severinghaus  and  Cheatum,  1956). 
This  loose  North-South  gradient  in  breeding  season  is  reported  even 
within  the  states  of  New  York,  Alabama,  and  Mississippi  (Ransom, 
1966)  and  other  states.  There  is  a  similar  trend  within  Texas.  How¬ 
ever,  there  is  considerable  variation  in  breeding  periods,  often  over 
short  distances.  Welder  refuge  deer  and  those  in  New  York,  Wiscon¬ 
sin,  Michigan,  parts  of  California,  parts  of  New  Mexico,  and  in  Mani¬ 
toba  breed  at  about  the  same  time  (White,  1966) .  Aransas  refuge  deer, 
25  miles  northeast  of  the  Welder  refuge,  breed  a  full  month  earlier, 
but  whitetails  on  the  King  Ranch,  50  miles  to  the  South  breed  3  weeks 
later  (Table  9).  Variations  over  short  distances  occur  also  in  New 
York  (Cheatum  and  Morton,  1946),  Alabama  (Adams,  1960),  and  in 
Mississippi  (Noble,  1960).  Similar  trends  were  reported  by  Long- 
hurst,  et  al.  (1952)  and  Bischoff  (1957)  within  California,  by  Lang 
(1957)  within  New  Mexico,  by  Harlow  and  Jones  (1965)  within 
Florida,  by  Weber  (1966)  within  North  Carolina,  and  by  Ransom 
(1966)  within  Manitoba. 

It  is  obvious  that  latitudinal  changes  in  photoperiod  alone  cannot 
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Table  9 


Percent  of  does  conceiving  by  time  period  on  six  North  American  deer  ranges. 


Deer  range 

Peak  of 

rutting  activity 

Percent  of 
does  conceiving 

Aransas  refuge 

Central  Mineral  Region,  Texas 

6  Oct.-14  Nov. 

92 

(Teer  et  al .,  1965) 

Manitoba 

16  Oct.-30  Nov. 

91 

(Ransom,  1966) 

New  York 

1  Nov.-5  Dec. 

84  + 

(Cheatum  and  Morton,  1946) 
Welder  refuge,  Texas 

10  Nov.-14  Dec. 

77 

(White,  1966) 

King  Ranch,  Texas 

15  Nov.-15  Dec. 

84 

(Illige,  1951) 

5  Dec.-3  Jan. 

84 

be  responsible  for  synchronous  breeding  among  certain  deer  popula¬ 
tions  in  Texas,  New  York,  and  Manitoba,  and  also  produce  3  separate 
breeding  schedules  within  100  miles  in  Texas. 

It  is  doubtful  that  any  single  climatic  factor  fully  determines  the 
breeding  season  of  Odocoileus.  All  life  activities  of  plants  and  animals 
are  regulated  and  synchronized  to  varying  degrees  by  climate  (Beck, 
1963).  Changes  in  day-length  often  trigger  annual  or  cyclic  events, 
particularly  in  polar  and  temperate  regions  (Withrow,  1959;  Fraser, 
1968).  Thus,  deer  normally  respond  to  shortening  day-length  as  a 
trigger  to  the  onset  of  breeding  (Turner,  1960) . 

Although  there  is  considerable  evidence  that  light  is  important  in 
influencing  reproductive  rhythm  in  mammals  (Beck,  1963;  Turner, 
1960;  Fraser,  1968),  it  is  not  the  only  controlling  factor,  and  breeding 
phenology  cannot  be  explained  by  photoperiod  changes  alone  (Nal- 
bandov,  1964).  Various  external  stimuli  intervene  to  adjust  reproduc¬ 
tive  activities  to  particular  times  of  the  year.  The  precise  factors  vary 
with  species,  and  numerous  coordinated  physical  and  social  conditions 
are  involved  (Turner,  1960).  Thus,  climate  and  plant  and  animal 
phenology  follow  a  general  latitudinal  gradient  in  North  America 
largely  in  response  to  changes  in  photoperiod.  However,  physiographic 
features  such  as  mountain  ranges,  bodies  of  water,  and  other  factors 
create  localized  compensating  patterns. 

Adams  (1960)  reported  that  whitetails  from  northern  Alabama 
which  were  confined  in  southern  Alabama  continued  to  breed  a  month 
earlier  than  the  local  whitetails. 

Although  breeding  time  in  most  temperate  deer  populations  is  re¬ 
stricted,  there  is  considerable  variation  with  individuals;  bucks  are 
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capable  of  breeding  at  least  a  month  before  females  become  receptive, 
and  they  remain  capable  for  a  prolonged  period  after  the  rutting  peak. 
The  distribution  of  conceptions  in  a  population  largely  is  controlled 
by  the  physiological  state  of  the  females. 

Roberson  and  Dennett  (1966)  found  that  most  whitetails  in  south¬ 
ern  Louisiana  breed  in  October  ;  those  in  northern  Louisiana  and  along 
the  Mississippi  River  floodplain  breed  later.  Most  whitetails  in  Missis¬ 
sippi  breed  in  December  and  January  (Noble,  1960).  Various  white- 
tail  populations  in  Alabama  breed  from  November  through  February, 
presumably  varying  with  the  genetic  stock  (Lueth,  1967) . 

Fawns  in  the  Central  Mineral  Region  of  central  Texas  are  born 
from  mid-May  through  mid- June  mostly  (Teer,  et  al. ,  1965),  which 
corresponds  with  the  spring  vegetation  green-up.  On  the  Welder  ref¬ 
uge  fawns  are  born  mostly  in  June,  when  vegetation  conditions  usu¬ 
ally  are  at  their  best  for  the  year  (White,  1966) . 

The  Aransas  refuge  area  belongs  to  the  humid  Gulf  Coast  belt,  and 
the  breeding  season  corresponds  to  that  for  the  other  populations  of  this 
whitetail  race  occurring  through  southern  Louisiana.  It  appears  that 
this  early  breeding  pattern  is  an  adaptation  to  the  moist  coastal  climate 
and  to  the  plant  phenology.  It  is  likely  that  fawns  experience  better 
survival  being  born  a  month  or  so  earlier  than  on  the  Welder  refuge, 
for  example.  The  transition  to  a  drier  vegetation  type  doubtless  is  what 
limits  this  whitetail  race  from  occurring  farther  west  than  the  Aransas 
refuge. 

That  deer  reproduction  and  the  local  environmental  conditions  are 
closely  adjusted  summarizes  this  discussion.  Considering  that  deer 
survive  in  deserts  and  marshes,  on  mountains,  forests,  and  plains,  and 
from  the  tropics  through  the  boreal  forest  (Taylor,  1961).  it  appears 
that  success  in  each  habitat  is  the  result  of  many  adaptations.  Evolu¬ 
tion  has  produced  30  whitetail  and  1 1  mule  deer  subspecies  (Hall  and 
Kelson,  1959),  confirming  that  selection  has  favored  particular  traits 
in  different  localities.  Rreeding  phenology  is  one  of  these  specializa¬ 
tions,  and  it  tends  to  separate  gene  pools. 

Marshall  (1910)  suggested  long  ago  that  periodicity  of  breeding  in 
mammals  is  molded  mostly  by  natural  selection  to  meet  the  necessities 
of  the  young.  The  period  of  late  gestation  through  lactation  represents 
the  period  when  the  dam  and  young  are  most  vulnerable  (Sadleir, 
1969),  and  this  doubtless  is  the  weakest  link  in  the  life  of  Odocoileus . 

While  breeding  seasons  probably  are  related  closely  to  local  climate 
and  the  resulting  food,  cover,  and  water  conditions  in  most  cases,  other 
factors,  such  as  interspecific  relationships  doubtless  are  important  in 
some  ecosystems.  Dasmann  and  Mossman  (1962)  reported  that  the 
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correlation  between  plant  phenology  and  season  of  birth  of  ungulates 
is  obscure  in  tropical  Southern  Rhodesia.  Fairall  (1968)  made  similar 
observations  in  South  Africa.  Estes  (1966)  and  Morton  (1971)  gave 
examples  of  breeding  seasons  perhaps  being  governed  ultimately  by 
predation  upon  the  very  young. 

Decreasing  day-length  doubtless  is  the  trigger  that  initiates  breeding 
in  the  autumn  in  Odocoileus,  but  bucks  and  does  react  to  it  individ¬ 
ually,  presumably  according  to  inherited  characteristics.  Does  that 
breed  at  a  time  such  that  late  gestation,  birth,  and  the  fawn’s  critical 
first  month  come  during  optimum  forage  and  cover  conditions  will 
raise  more  fawns,  which  in  turn  should  do  the  same.  I  believe  that 
survival  of  young  is  the  most  powerful  selective  force  molding  the 
breeding  phenology  of  deer  in  North  America. 

Differential  mortality 

Differential  mortality  against  males  occurs  only  slightly  in  Aransas 
refuge  whitetails,  and  then  apparently  only  among  fawns  and  year¬ 
lings.  The  sex  ratio  of  fetuses  (1033  3/1 00$  2 )  and  mature  deer 
(Table  2)  essentially  was  equal.  There  appeared  to  be  a  greater  loss  of 
male  fawns  (893  3  /1 00  9  9  for  the  two  years  combined)  and  yearlings 
(70  3  3/100  $  $  in  1964,  and  80  3  3 /100  $  $  in  1965)  during  the  sum¬ 
mer.  The  greater  loss  of  males  of  the  1963  fawn  crop  (yearlings  in 
1964)  doubtless  resulted  from  the  record  low  rainfall  in  1963.  Among 
mature  deer,  males  evidently  gain  a  slight  advantage  and  the  sex  ratio 
becomes  balanced  again. 

On  the  Welder  refuge  bucks  are  lost  at  a  greater  rate  than  females 
(White,  1966),  and  this  apparently  is  common  in  Odocoileus  (Robin¬ 
ette,  et  al.,  1957;  Klein,  1970).  Several  big  game  studies  in  North 
America  have  reported  a  high  natural  mortality  among  male  cervids 
that  usually  is  associated  with  suboptimal  and  overcrowded  ranges: 
Gunvalson,  et  al .  (1952),  Taber  and  Dasmann  (1954),  Robinette,  et 
al.  (1957),  and  Klein  and  Olson  (1960)  for  deer;  Cowan  (1950)  for 
elk  ( Cervus  canadensis ),  caribou  ( Rangifer  arcticus ),  and  mule  deer; 
and  Flook  (1970)  for  elk.  Sport  hunting  obviously  obscures  the  natural 
sex  ratio  in  most  deer  herds.  Harvest  statistics  are  subject  to  biases 
that  are  not  evaluated  easily  (Andersen,  1953;  Hoffman  and  Robin¬ 
son,  1966).  Hence,  heavily  hunted  populations  generally  are  excluded 
from  this  discussion. 

Most  deer  studies  report  a  surplus  of  males  in  utero  (Taber,  1953; 
Robinette,  et  al.,  1957)  but  a  surplus  of  females  among  adults,  even  in 
unhunted  populations.  Lack  (1954)  stated  that  sex  differences  in 
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mortality  have  been  discussed  in  relation  to  2  rival  theories.  On  one 
hand,  mortality  is  claimed  to  be  highest  in  the  heterogametic  sex  owing 
to  sex-linked  defects.  In  another  view,  losses  are  heavier  in  males  be¬ 
cause  of  a  higher  metabolic  rate  and  nutrient  demands,  and  their  gen¬ 
erally  more  active  and  curious  nature.  There  is  little  information  avail¬ 
able  on  the  effects  of  sex-linked  defects  upon  the  sex  ratio  in  deer 
(Robinette,  et  al.,  1957).  However,  a  higher  rate  of  loss  in  male  deer 
on  suboptimal  range  can  be  explained  by  their  higher  nutritional 
requirements  and  behavioral  differences. 

In  mammal  species  where  males  are  larger,  the  males  grow  more 
rapidly  and  require  more  food  than  females  (Morrison,  1956;  Ullrey, 
et  al .,  1967).  In  male  deer  a  weight  difference  typically  is  evident  at 
birth  or  shortly  after  (Verme,  1963;  Ullrey,  et  al. ,  1971),  and  adult 
males  commonly  weigh  at  least  20%  more  than  females  (Knowlton 
and  White,  1973) .  That  most  experimental  food  rations  are  fed  accord¬ 
ing  to  body  weight  (French,  et  al.,  1956;  Ullrey,  et  al.,  1970),  suggests 
that  male  deer  require  more  food  than  females. 

Elk  are  similar  to  deer  in  that  males  are  larger  and  often  have  a 
higher  rate  of  mortality  (Flook,  1970),  particularly  among  older  indi¬ 
viduals.  Flook  (1970)  observed  that,  while  the  teeth  of  male  elk  were 
not  significantly  larger,  tooth  wear  was  considerably  more  rapid  in 
males  on  most  of  his  study  areas.  Presumably  this  resulted  from  the 
larger  amounts  of  food  eaten  by  males  and  it  contributed  to  the  higher 
rate  of  loss  in  males.  A  similar  phenomenon  may  occur  in  some  deer 
populations,  although  I  find  no  mention  of  it  in  the  major  articles  on 
deer  tooth  wear  (Severinghaus,  1949;  Robinette,  etal.,  1957) . 

Behavioral  differences  between  males  and  female  deer  are  consider¬ 
able,  and  they  have  an  important  bearing  on  survival.  Male  deer 
usually  utilize  a  larger  home  range  than  females  (Dasmann  and  Taber, 
1956;  Michael,  1965;  Robinette.  1966),  and  this  often  is  the  case  with 
mammals  (Sanderson,  1966).  As  with  humans,  young  male  deer  are 
more  active,  playful,  and  inquisitive.  These  differences  are  apparent  in 
the  first  few  days  of  life  in  whitetails  (Jackson,  et  al .,  1972).  Male 
fawns  stray  farther  from  the  dam,  and  censuses  on  the  Aransas  refuge 
revealed  that  more  than  twice  as  many  male  fawns  were  separated 
from  the  dam  permanently  by  springtime.  Taber  and  Dasmann 
(1954)  found  47%  of  yearling  does  and  only  16%  of  yearling  males 
accompanied  by  a  mature  doe.  Robinette  (1966)  reported  similar 
observations. 

Most  behavioral  differences  center  about  reproductive  activities. 
The  rut  probably  is  the  most  important  contributor  to  differential 
mortality  in  deer.  Through  the  deer’s  promiscuous  breeding  habits 
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natural  selection  doubtless  has  favored  those  bucks  that  expend  the 
greatest  effort,  fight  and  win  the  most  battles,  serve  the  most  does,  and 
pass  on  their  abilities  to  the  next  generation.  This  strenuous  activity 
insures  population  maintenance,  but  the  males  themselves  pay  a  high 
price. 

Differential  mortality  in  a  species  where  males  are  fertilizing  agents 
only  may  not  be  a  disadvantage  if  evolutionary  implications  are  con¬ 
sidered  (Crew,  1952;  Klein  and  Olson,  1960).  Losses  of  adult  males 
after  the  rut  may  even  increase  herd  productivity  where  forage  is 
limiting,  as  Flook  (1970)  suggested  for  elk.  Females,  on  the  other 
hand,  do  not  fulfill  their  contribution  until  the  offspring  are  inde¬ 
pendent.  Their  survival  until  the  end  of  summer  is  essential. 

Does  experience  no  hazards  to  compare  with  the  fighting  and  acci¬ 
dents  associated  with  breeding  competition  and  antagonism  in  males. 
During  the  rut  bucks  show  a  lack  of  the  caution  and  secretive  behavior 
they  display  at  other  seasons  (Hawkins  and  Klimstra,  1970) .  It  is  well 
known  that  adult  males  lose  weight  and  are  in  the  poorest  condition  of 
the  year  at  the  end  of  the  rut  (French,  et  al. ,  1956;  Magruder.  et  al ., 
1957).  Wood,  et  al.  (1962)  reported  such  weight  fluctuations  in  mule 
deer  even  with  adequate  diet.  Individuals  voluntarily  ate  less  at  this 
time.  Winter  weight  loss  in  females  is  much  less,  and  in  both  sexes 
storage  and  loss  of  fat  accounts  for  most  of  the  seasonal  variation. 

Natural  selection  has  synchronized  female  reproductive  phenology 
with  forage  quality  and  availability  much  more  closely  than  in  males. 
Forage  characteristically  is  less  available  and  less  nutritious  during 
winter  than  at  any  other  time  (Einarsen,  1946;  Short,  et  al. ,  1969), 
although  late  summer  also  can  be  critical  on  some  ranges  (Taber  and 
Dasmann,  1958;  Goodrum  and  Reid,  1962) . 

In  autumn,  when  lactation  ends,  does  on  good  ranges  are  able  to  feed 
on  high-energy  foods  and  are  bred  when  in  their  best  condition  of  the 
year.  Throughout  the  winter  period  of  forage  restriction  the  conceptus 
demands  little.  It  is  not  until  late  gestation  that  food  requirements  in¬ 
crease  appreciably  (Maynard  and  Loosli,  1969) ,  and  by  this  time  new  ' 
plant  growth  normally  is  well  underway.  Late  gestation  and  the  lac¬ 
tation  period  are  the  most  demanding  on  a  dam,  but  this  is  the  time 
when  forage  conditions  usually  are  at  their  best.  If  forage  conditions 
are  poor,  the  dam  has  a  pawn:  fawns  usually  die  first,  often  allowing 
the  dam  to  survive  (Klein  and  Olson,  1960).  This  pattern  doubtless  j 
accounts  for  a  large  part  of  the  losses  observed  among  newborn  deer 
(Cook,  et  al .,  1971). 

Male  reproduction  is  not  so  well  tuned  to  nutrient  phenology.  The 
physiological  drain  of  antler  growth  is  considerable  for  cervids,  but  j 
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like  the  fawn,  it  occurs  when  growth  requirements  are  plentiful.  With 
the  spring  green-up,  bucks  regain  fat  stores,  grow  antlers,  and  increase 
total  body  weight.  Normally  they  are  in  excellent  condition  and  at  a 
yearly  weight  peak  through  the  summer  and  as  the  rut  begins  (Knowl- 
ton  and  White,  1973). 

While  rutting,  bucks  metabolize  fat  reserves  (Wood,  et  al. ,  1962). 
Unlike  the  doe  who  expends  most  energy  when  forage  is  abundant,  the 
lean  buck  at  the  end  of  the  rut  often  faces  2  months,  or  more,  of  the 
poorest  food  the  year  will  offer.  The  rut  is  rather  ill-timed  for  him,  but 
survival  is  not  critical  to  population  success.  It  appears  logical,  then, 
that  males  often  are  lost  more  readily  than  females  from  deer  popula¬ 
tions.  With  suboptimal  range  conditions,  females  often  are  able  to  out¬ 
live  males  in  spite  of  the  rigors  of  producing  and  rearing  fawns. 

The  Aransas  refuge  supports  a  deer  population  with  an  equal  sex 
ratio  among  the  mature  individuals,  which  is  not  observed  often  in 
natural  Odocoileus  populations.  New  Hampshire  whitetails,  where 
range  conditions  generally  are  good,  and  approximately  20%  of  the 
population  is  harvested,  apparently  have  a  near-equal  sex  ratio  (Sieg- 
ler,  1968) .  Gunvalson,  et  al.  (1952)  found  the  sex  ratio  about  equal  on 
good  Minnesota  deer  ranges.  In  areas  which  had  been  protected  from 
hunting  or  adequate  predation  for  a  long  time  and  where  overpopula¬ 
tion  caused  starvation  losses,  adult  does  outnumbered  adult  bucks  as 
much  as  2: 1.  Krefting,  et  al.  (1955)  observed  this  same  pattern  on  an¬ 
other  area  in  Minnesota.  In  a  review  of  differential  mortality  by  sex 
and  age  for  mule  deer  in  Utah,  Robinette,  et  al.  (1951)  reported  more 
cases  of  higher  mortality  rates  among  males  than  in  females  at  nearly 
all  ages,  and  accentuated  losses  of  males  often  appeared  to  be  related 
to  poor  range  quality. 

There  are  few  records  of  sex  ratios  in  natural  deer  populations. 
McCabe  and  Leopold  (1951)  described  a  presumably  natural  popula¬ 
tion  in  northern  Mexico.  The  herd  was  rather  isolated,  received  very 
light  either-sex  hunting,  and  was  one  of  the  few  deer  populations  with 
a  full  complement  of  predators:  coyotes,  wolves  ( Cards  lupus),  and 
mountain  lions  ( Fells  concolor) .  They  observed  that  the  sex  ratio 
remained  at  about  50  bucks  per  100  does  over  a  10-year  interval. 

Taber  and  Dasmann  (1954)  suggested  that  poor  deer  ranges  support 
an  unbalanced  sex  ratio,  and  good  range  should  allow  more  male 
survival. 

Klein  and  Olson  (1960)  and  Klein  (1965)  reported  such  a  mortality 
pattern  in  mule  deer  in  Alaska.  Klein  has  reviewed  the  phenomenon 
of  differential  mortality  against  male  deer,  and  he  concluded  that 
when  food  quality  or  quantity  is  less  than  optimum,  deer  sex  ratios 
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tend  toward  a  surplus  of  females  because  of  more  rapid  loss  of  males 
(Klein,  1970).  Losses  of  males  are  accentuated  with  increasing  range 
deterioration.  It  appears,  then,  that  the  heavier  of  loss  of  males  pri¬ 
marily  is  related  to  the  greater  nutritional  demand.  This  higher  nutri¬ 
tional  requirement  in  males  results  from  a  higher  rate  of  growth 
(Knowlton  and  White,  1973),  a  greater  level  of  activity  and  explora¬ 
tory  behavior  (Taber  and  Dasmann,  1954;  Jackson,  et  ah ,  1972),  and 
from  the  propensity  of  breeding  adults  to  mobilize  their  fat  stores  dur¬ 
ing  the  rut  and  to  enter  the  winter  period  in  a  lean  condition  (Klein, 
1970). 

Taber  and  Dasmann  (1954)  gave  2  examples  of  balanced  ratios  on 
good  range.  One  was  the  Jawbone  herd  in  California,  where,  at  the  end 
of  a  period  of  good  forage  conditions  more  than  20,000  mule  deer  were 
shot  or  poisoned  in  an  attempt  to  eradicate  a  hoof  and  mouth  disease 
outbreak.  The  kill  ratio  for  the  entire  slaughter  was  52%  does  and 
48%  bucks  (Leopold,  etal. ,  1951). 

Taber  and  Dasmann’s  other  example  was  the  Aransas  herd;  they 
cited  Halloran’s  (1943)  record  of  93  males  per  100  females  among 
adults.  The  essentially  equal  sex  ratio  (Table  2)  is  not  an  ephemeral 
condition;  it  has  endured  for  at  least  30  years.  From  very  low  numbers 
in  the  early  1930’s,  the  deer  population  has  been  growing  and  filling 
this  vast  brushfield.  From  1940  to  1964,  13,100  deer  were  trapped  and 
removed  to  restock  other  ranges  (Halloran,  1964),  this  held  the  popu¬ 
lation  well  below  carrying  capacity  until  recently.  There  is  no  time  of 
the  year  when  food  is  restricted  greatly.  The  lack  of  seasonal  weight 
change  (Table  3)  in  males  and  the  large  fat  stores  through  the  year 
bear  this  out.  The  sandy  soils  cause  the  deer’s  teeth  to  wear  much  faster 
than  normal,  and  this  doubtless  shortens  their  life  considerably.  This 
shorter  life  span  would  offset,  in  part,  any  propensity  for  does  to  out¬ 
live  bucks.  Klein  and  Olson  (1960)  observed  a  similar  shortened  aver¬ 
age  longevity  of  deer  in  southeast  Alaska. 

CONCLUSIONS 

This  herd  is  an  example  of  a  dense  and  thrifty  natural  whitetail 
population  existing  on  excellent  range  in  the  southern  United  States. 
There  is  an  abundance  of  high  quality,  readily  fermented  foods.  Live- 
oak  acorns,  which  are  eaten  in  large  amounts  almost  yearlong,  are  the 
key  to  the  success  of  this  population. 

Gross  productivity  is  high,  much  the  same  as  on  good  mule  deer 
range.  However,  it  is  considerably  lower  than  that  observed  on  the  best 
whitetail  ranges  farther  North,  particularly  those  where  cultivated 
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crops  are  available  to  the  deer.  A  few  fawns  breed  each  year,  which  is 
a  rarity  for  whitetails  in  the  South. 

Apparently  more  than  half  of  the  potential  fawn  crop  is  lost  each 
year  before  autumn.  Prenatal  losses  are  low;  most  of  the  fawns  die 
within  the  first  few  weeks  of  life.  This  young  fawn  mortality  is  com¬ 
mon,  and  it  probably  represents  the  largest  annual  loss  in  most  North 
American  deer  herds,  which  nowadays  lack  the  pristine  complex  of 
natural  predators.  It  is  the  most  common  population  regulation  mech¬ 
anism  in  dense,  under-exploited  deer  populations. 

Aransas  whitetails  breed  and  fawn  at  about  the  same  time  as  is 
reported  for  other  populations  of  this  race.  The  breeding  of  nearby 
populations  of  different  races  on  the  South,  North,  and  West  is  later. 
This  appears  to  be  simply  an  example  of  the  universal  tendency  for 
wild  animals  to  breed  at  those  times  when  environmental  conditions 
are  most  favorable  for  the  pregnant  female  and  for  survival  of  the 
young.  The  observed  large  losses  of  young  fawns  provide  ample  raw 
material  for  this  natural  selection  process,  as  evinced  by  the  many 
distinct  races  and  breeding  patterns  in  Odocoileus. 

The  Aransas  whitetail  herd  has  maintained  an  equal  sex  ratio  for  at 
least  25  years,  even  with  high  population  density,  apparently  because 
of  the  remarkably  good  forage  conditions.  The  differential  mortality 
against  males  often  reported  in  other  populations  apparently  results 
from  the  ability  of  females  to  outlive  males  on  suboptimal  ranges 
because  they  require  less  food  and  their  breeding  cycle  is  better  adjust¬ 
ed  to  plant  phenology. 
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ABSTRACT 

Collection  records  are  presented  for  91  species  in  12  families  of  Caddisflies 
occurring  in  Texas.  Reference  is  made  to  those  species  which  have  been  reported 
from  this  state  but  were  not  collected  during  this  survey.  One  new  species  of 
Polycentropus  is  described  and  the  genitalia  figured.  Keys  are  included  for  both 
larval  and  adult  stages  of  the  12  families. 

INTRODUCTION 

The  Trichoptera,  or  caddisflies,  are  a  small  order  of  moth-like 
insects  which  are  unobtrusive  in  habit  and  appearance.  The  adults  are 
usually  attracted  to  lights  at  night  but  are  typically  secretive  in  the 
daytime.  Their  flight  is  weak  and  fluttery  so  that  they  tend  to  be 
grounded  on  windy  days  and  nights.  One  may  compensate  for  these 
habits  and  generally  find  the  adults  during  the  day  by  sweeping 
undergrowth,  examining  the  undersides  of  leaves  of  stream-bank 
vegetation,  or  by  carefully  searching  the  sunlit  surfaces  of  concrete 
bridges  or  other  structures  located  near  water.  The  larvae  and  pupae 
are  aquatic  and  must  be  taken  by  bottom  sampling  or  by  visual  inspec¬ 
tion  of  submerged  rocks.  Unless  some  specialized  equipment  is  at  hand, 
the  collector  is  limited  to  the  length  of  his  arm  in  aquatic  habitats  when 
dealing  with  the  immature  stages. 

The  range  of  aquatic  habitats  preferred  by  the  early  stages  of  caddis¬ 
flies  varies  from  lotic  to  lentic  situations  with  the  optimum  conditions 
for  the  widest  range  of  species  being  a  shallow,  clear,  cool  stream  with 
an  abundance  of  riffles  and  a  sand-pebble  bottom.  One  must  be  care¬ 
ful  not  to  ignore  seepage  areas  even  though  the  site  appears  to  lack 
running  water.  These  restricted  areas,  provided  they  are  constant  in 
presence,  often  offer  unusual  specimens  or  unusual  groupings  of 
species. 


LITERATURE  REVIEW 

Reports  of  Trichoptera  from  Texas  have  been  intermittent.  Banks 
(1907,  1920)  reported  several  species  from  scattered  locales  across  the 
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Fig.  1.  Polycentropus  proditus,  new  species.  Male  genitalia.  A — lateral  view;  B— —dorsal 
view;  C — ventral  view. 


state.  The  collections  of  H.  H.  Ross  on  several  trips  through  the  state 
were  reported  in  his  1944  work  on  the  caddisflies  of  Illinois.  At  that 
time,  he  recorded  30  species  which  were  collected  in  Texas,  10  of 
which  were  new.  Hall  (1950)  made  a  series  of  collections  which  I 
finally  included  7  counties  although  his  nominal  objective  was  a  study 
of  the  Dallas  County  fauna.  In  his  paper,  Hall  reported  13  positively 
identified  species  and  several  others  of  which  he  could  not  be  certain. 
In  a  survey  of  the  caddisflies  of  the  San  Marcos  river,  a  biologically 
remarkable  spring-fed  stream,  Edwards  and  Arnold  (1961)  reported 
34  species,  3  of  which  were  new.  The  remaining  reports  of  Texas 
caddisflies  are  species  reports  by  Milne  (1936),  Ross  (1938,  1941, 


TEXAS  CADDISFLIES 


493 


1951),  Flint  (1958,  1963,  1970)  and  Edwards  (1961).  At  the  present 
time,  state  records  include  91  species  in  12  families.  Since  this  paper  is 
intended  to  review  the  state  fauna,  distributional  records  are  included 
both  for  those  species  taken  by  the  writer  during  the  course  of  this 
survey  and  for  those  species  reported  within  the  state  by  other  workers 
but  not  collected  during  this  study. 

COLLECTION  METHODS 

Larval  and  pupal  stages  have  been  collected  by  examination  of  sub¬ 
merged  rocks  and  by  use  of  a  downstream  net  from  an  area  of  agitated 
stream  bottom.  Many  of  the  larval  stages  of  the  Trichoptera  have  not 
yet  been  positively  correlated  with  their  respective  adult  forms  and, 
as  a  result,  the  larvae  are  taxonomically  less  valuable  than  are  the 
pupae.  All  of  the  caddisfly  larvae  prepare  for  pupation  by  construction 
of  a  stone  or  silk  shelter  within  which  the  metamorphosis  will  occur. 
The  majority  of  these  pupal  cases  are  sealed  so  that  the  sclerites  of  the 
last  larval  instar  remain  within.  As  the  adult  form  becomes  apparent, 
the  genitalia  are  the  first  parts  to  harden  and  color  so  that  in  a  late 
pupa,  one  may  easily  correlate  the  larval  sclerites  and  the  newly  form¬ 
ed  adult  genitalia  and  so  correlate  larval-adult  stages,  the  “meta- 
morphotype”  of  Milne  (1938).  An  unemerged  adult  caddisfly  of  the 
metamorphotype  series,  fully  formed  and  hardened  except  for  wings  is 
termed  a  pharate  adult  (Hinton,  1946) . 

In  this  study,  all  stages  have  been  preserved  in  shell  vials  of  70% 
ethyl  alcohol.  Identification  of  the  adult  insects  depends  almost  wholly 
on  the  genitalia.  For  this  reason  it  is  necessary  to  remove  the  terminal 
half  of  the  abdomen  and  clear  it  in  10%  potassium  hydroxide  until 
the  viscera  can  be  gently  washed  out.  Once  cleared,  usually  over  8-10 
hours,  the  abdomen  is  rinsed  in  water  and  placed  in  glycerine  for 
study.  Once  identified,  the  genitalia  are  placed  in  cotton-plugged  shell 
vials  together  with  the  remainder  of  the  specimen  and  stored  in  70% 
ethyl  alcohol.  Unless  otherwise  indicated  the  specimen  taken  during 
the  study  are  in  the  author’s  collection. 

Adults  were  taken  by  a  variety  of  methods,  the  most  successful 
being  the  nocturnal  use  of  various  kinds  of  light  sources  including  a 
Coleman  gasoline  lantern,  a  portable  blue  mercury-vapor  neon  tube, 
and  expendable  light  traps  constructed  of  tin-cans  and  powered  with 
2  flashlight  batteries.  The  mercury- vapor  light  was  constructed  after 
the  pattern  of  Burks,  et  al.  (1938)  and  designed  to  operate  from  a  12 
volt  source. 

This  survey  of  the  state  caddisfly  fauna  is  obviously  far  from  defini- 
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tive.  Although  these  collections  have  spanned  a  decade,  there  is  a 
seasonal  bias  which  is  coupled  to  the  academic  year.  There  is  no  doubt 
that  year-round  searches  will  yield  considerable  numbers  of  species 
which  so  far  remain  unreported.  This  is  especially  true  for  west  Texas 
and  the  numerous  springs  and  seepage  areas  which  are  notorious  for 
the  species  diversity  of  their  caddisfly  fauna  but  which,  in  this  survey, 
have  not  been  sampled  till  early  summer.  One  may  judge  the  extent  of 
our  ignorance  of  the  Trichopteran  fauna  by  comparing  Texas  records 
of  91  species  with  Illinois  where  nearly  200  species  are  known. 

All  of  the  collection  records  for  any  given  species  have  not  been 
included.  Only  those  records  which  indicate  extent  of  seasonal  emerg¬ 
ence  and  those  which  indicate  the  widest  range  within  the  state  are 
given. 

The  following  keys  to  the  families  of  Trichoptera  which  appear  in 
this  paper  have  been  modified  from  Ross  (1944)  and  Flint  (1964b). 
They  are  not  designed  for  general  use  with  the  nearctic  fauna  but  will 
prove  quite  sufficient  for  the  Texas  fauna. 

Key  to  the  families:  larvae 


1 .  Pro-,  meso-,  and  metanotum  completely  covered  by  sclerotized  plate .  2 

Meso-  and  metanotum  either  membranous,  or  covered  in  part  by  several 
sclerites .  3 


2.  Abdomen  with  many  branched  gills ;  larvae  living  in  a  nest ....  Hy  dropsy  chidae 

Abdomen  without  gills  ;  small  larvae  with  purse-like  cases . Hydroptilidae 

3.  Larvae  with  a  sand  or  pebble,  turtle-shaped  cases,  anal  prolegs  projecting  at 

right  angles  to  the  body  axis  . Glossosomatidae 

Case  not  as  above;  anal  prolegs  either  aligned  with  body  axis  or  fused  to 
the  last  segment .  4 

4.  Anal  prolegs  extending  freely  from  the  abdomen .  5 

Anal  prolegs  fused  to  the  apex  of  abdomen  with  only  claw  free .  7 

5.  Ninth  abdominal  tergum  with  a  sclerite . Rhyacophilidae 

Ninth  abdominal  tergum  entirely  membranous .  6 

6.  Labrum  membranous,  anterior  margin  expanded  laterally  to  form  a  T- 

shape  . Philopotamidae 

Labrum  sclerotized,  roughly  semicircular . Psychomyiidae 

7.  Labrum  with  a  transverse  row  of  about  20  setae  dorsally . Calamoceratidae 

Labrum  without  such  a  row  of  setae,  usually  with  6-8  scattered  setae .  8 

8.  Anal  claw  with  a  series  of  inner  teeth,  comb-like;  the  larval  case  snail-like 

. Helicopsy  chidae 


Anal  claw  with  a  single  tooth;  case  not  coiled,  snail-like .  9 

9.  Antennae  about  8  times  longer  than  broad,  arising  near  the  base  of  the 

mandible  . Leptoceridae 

Antennae  very  small,  barely  longer  than  broad .  10 


10.  Metanotum  with  a  wide  strap-like  anterior  sclerite,  a  pair  of  oblong  lateral 
sclerites  and  a  posterior  thin  sclerite,  the  latter  often  hard  to  distinguish 
. Odontoceridae 
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11.  Pronotum  with  a  deep  furrow  running  almost  the  full  width  of  the  sclerite; 

Case  square  in  cross-section,  tapered . . . Brachycentridae 

Pronotum  without  such  furrow  or  gently  concave;  mesonotum  with  a  single 
rectangular  plate  with  only  a  mesial  fracture;  large  pebble  or  stick  cases, 
15-20  mm  long . . . Limnephilidae 


Key  to  the  families:  adults 

1.  Mesoscutellum  with  posterior  portion  forming  a  triangular,  flat  area  with 


vertical  posterior  margins;  forewing  length  4  mm  or  less . Hydroptilidae 

Mesoscutellum  rounded  without  vertical  margins;  forewing  length  4  mm  or 
more  .  . . 2 

2.  Ocelli  present  . 3 

Ocelli  absent  .  . . . . . .  5 

3.  Maxillary  palpi  3-segmented . Limnephilidae 

Maxillary  palpi  with  5th  segment  2-3  times  longer  than  4th ....  Philopotamidae 
Maxillary  palpi  with  5th  segment  no  more  than  1*4  times  longer  than 

the  4th  . 4 

4.  Foretibia  with  prominent  apical  spur . Rhyacophilidae 

Foretibia  with  apical  spur  absent  or  hair-like . Glossosomatidae 

5.  Middle  tibia  with  preapical  spurs .  6 

Middle  tibia  without  preapical  spurs .  9 

6.  Terminal  segment  of  maxillary  palpi  longer  than  preceding,  with  suture¬ 

like  cross-striations  . . 7 

Terminal  segment  of  maxillary  palpi  about  same  length  as  preceding, 
without  cross-striations  . . 8 

7.  Mesoscutum  with  a  pair  of  small  setal  warts;  fore- tibia  frequently  with  a 

preapical  spur  . . Psychomyiidae 

Mesoscutum  without  setal  warts ;  foretibia  never  with  preapical  spurs ...... 

. . . Hy  dropsy  chidae 

8.  Antennae  much  longer  than  wings . Leptoceridae 

Antennae  no  longer  than  wings  . . Helicopsy chidae 

9.  Mesoscutellum  very  small  and  rectangular . Calamoceratidae 

Mesoscutellum  large  and  dome-like . Odontoceridae 

Mesoscutellum  with  a  pair  of  antero-lateral  warts . Brachycentridae 


It  is  with  pleasure  that  the  assistance  of  Dr.  H.  H.  Ross  is  acknowl¬ 
edged  for  his  examination  and  comments  on  Polycentropus  proditus. 

{-j  % 

Family  RHYACOPHILIDAE 

One  of  the  cold-adapted  primitive  families  of  the  Trichoptera,  the 
Rhyacophilidae  are  subdivided  into  several  distinct  groups.  The  sub¬ 
family  Rhyacophilinae  is  characterized  by  free-living  predaceous 
larvae  and  the  subfamily  Glossomatinae  features  larvae  which'  con¬ 
struct  a  stone  saddle-case.  In  the  southwest,  there  are  but  few  repre¬ 
sentatives  of  the  former  subfamily.  Their  place  is  occupied  by  the 
Hydrobiosinae  which  range  throughout  the  neotropical  region  with  an 
extension  into  the  U.S.  Of  the  16  genera  of  this  subfamily  only  one  is 
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presently  known  from  Texas.  Six  species  of  the  Glossomatinae  group 
have  been  reported. 

Atopsyche  erigia  Ross 

This  species  was  described  by  Ross  (1947),  from  Hacienda  Santa 
Engrecia,  Tamaulipias,  Mexico.  It  is  one  of  the  more  common  mem¬ 
bers  of  the  genus  in  Mexico.  The  larvae  are  restricted  to  cold,  rapid, 
usually  spring  fed  streams  (Ross  &  King,  1952)  and  although  they 
resemble  the  larvae  of  Rhyacoph'la  they  may  be  immediately  recog¬ 
nized  by  possession  of  chelate  front  legs  (Hinton,  1950;  Edwards, 
1961).  The  genus  Atopsyche  Banks  contains  about  30  species,  now 
reported  from  Argentina  to  the  southwestern  U.S.  and  has  been  the 
subject  of  papers  on  biogeography  and  phylogeny  (Ross  and  King, 
1952;  Ross,  1953). 

All  stages  of  this  species  have  been  collected  from  the  San  Marcos 
river  in  Hays  and  Caldwell  counties,  where  it  has  proven  common. 
The  adults  have  been  taken  in  Comal  county  where  a  spring-fed  brook 
emerges  into  the  Guadalupe  river  and  from  Val  Verde  county  at  San 
Felipe  Springs. 

Collection  records:  Caldwell  Co.,  IV-15-58,  San  Marcos  R.,  Martindale,  3$; 
1-17-59,  14  larvae,  4  pharate  males;  1-25-60,  many  pairs  of  adults  in  cop.;  Comal 
Co.,  IV-6-60,  Guadalupe  R.  3  mi.  N  New  Braunfels,  2$  ;  1 1 1-25-61,  Guadalupe  R. 

6  mi.  N  New  Braunfels,  2$  3$;  Hays  Co.,  1-10-59,  Fern  Bluff  springs,  many 
larvae-pupae;  IV-21-60,  San  Marcos  R.,  at  Rio  Vista,  1  $  4$  ;  IV-25-64,  2$  6$  ; 
Val  Verde  Co.,  IV-16-60,  San  Felipe  Spr.,  Del  Rio,  3  pharate  males. 

Protoptila  area  Edwards 

Described  from  the  head  of  the  San  Marcos  river  in  Hays  County 
(Edwards  and  Arnold,  1961)  this  species  has  yet  to  be  taken  else¬ 
where.  The  San  Marcos  river  originates  from  a  group  of  springs  within 
the  city  of  the  same  name.  Its  waters  are  a  constant  71  °F  year-round 
and  the  rate  of  flow  is  approximately  200  million  gallons  of  water  per 
24  hour  period.  These  waters  contain  some  very  unusual  flora  and 
fauna  and  the  restriction  of  this  species  of  caddisfly  to  a  highly  local¬ 
ized  area  is  not  surprising. 

Collection  records:  Hays  Co.,  1-24-63,  San  Marcos  R.,  many  adults;  V-5-64, 
many  larvae  and  pupae;  III-12-67,  many  larvae  and  pupae;  11-15-68,  City  park,  1 
15  $  25  $ . 

Protoptila  parce  Edwards 

This  species,  also  described  from  the  San  Marcos  river  (Edwards 
and  Arnold,  1961),  occurs  several  miles  downstream  from  the  head¬ 
waters.  Immature  stages  have  not  been  collected  to  the  present  time. 
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Collection  records:  Caldwell  Co.,  V-18-64,  San  Marcos  R.,  Martindale,  1  $  ; 
VI-12-67,  2$  ;  IV-4-68,  43  . 

Protoptila  maculata  Hagen 

Collection  records:  Comal  Co.,  VII-16-66,  Guadalupe  R.,  3  mi.  N  New  Braunfels, 
3  3  ;  VI 1 1-6-69,  Guadalupe  R.,  Sattler,  2  $  ;  Bexar  Co.,  IV-12-67,  San  Antonio  R., 
Loop  41  OS,  2$  ;  Hays  Co.,  VIII-10-67,  San  Marcos  R.,  Prairie  Lea,  1  3  ;  IV-21-66, 
San  Marcos  R.,  Stairtown,  2  33$. 


Protoptila  alexanderi  Ross 

Described  from  the  San  Antonio  river  (Ross,  1941),  this  species  has 
since  been  collected  from  along  the  San  Marcos  river.  It  has  been 
collected  in  very  limited  numbers  even  in  its  type  locality. 

Collection  records:  Bexar  Co.,  1-14-67,  San  Antonio  R.,  Loop  41  OS,  3  3  ;  Burnet 
Co.,  VII-1 0-60,  S.  Fork,  San  Gabriel  R.,  2$;  Gonzales  Co.,  Ill— 8— 68,  San  Marcos 
R.,  Palmetto  St.  Pk.,  3  $  ;  III-21-68,  1  3  ;  Hays  Co.,  III-6-69,  San  Marcos  R., 
Thompson’s  Island,  2  3  . 

Protoptila  halmorhea  Ross 

This  species,  described  from  Reeves  County  by  Ross  (1941),  has 
been  taken  by  light  trap  only  near  its  type  locale,  the  state  park  in 
Balmorhea. 

Collection  records:  Reeves  Co.,  V— 12-67,  Balmorhea  St.  Pk.,  2$;  VI-21-68, 
132$. 

Family  PHILOPOTAMIDAE 

A  cold-adapted  family  of  caddisflies,  the  Philopotamidae  are  world¬ 
wide  in  distribution  with  6  species  of  a  single  genus  occurring  in 
Texas.  Their  larvae  live  in  flowing  water  and  when  lifted  from  water 
on  a  rock,  their  distinctive  yellow  heads  and  retrograde  movements  are 
almost  diagnostic.  A  7th  species,  Chimarra  texana ,  described  from  a 
single  female  specimen  collected  at  San  Antonio  (Ranks,  1920),  is,  for 
valid  reasons,  considered  a  doubtful  identity  (Ross,  1938) . 

Chimarra  angustipennis  Banks 

Described  from  Hot  Springs,  Arkansas  and  subsequently  taken  in 
Oklahoma,  Lower  California,  Texas,  and  Mexico,  this  species  has 
appeared  in  our  collections  only  sparingly.  Ross  (1951)  noted  its 
presence  at  Austin  (Travis  Co.)  and  near  Palo  Pinto,  (Palo  Pinto  Co.) . 

Collection  records:  Val  Verde  Co.,  IV-16-60,  San  Felipe  Spr.,  Del  Rio,  1  3  ; 
Williamson  Co.,  1-3-66,  S.  Fork,  San  Gabriel  R.,  across  U.S.  183,  13,  Wilson  Co., 
IV-8-66,  San  Antonio  R.,  1  mi.  S.  Floresville,  2$  . 
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Chimarra  aterrima  Hagen 

Not  previously  reported  from  Texas,  this  species  has  been  taken 
from  a  number  of  cold-water  locales.  Denning  (1948)  reported  this 
species  from  Puerto  Rico,  but,  since  it  had  been  regarded  as  a  north- 
eastern  species,  Flint  (1964)  noted  that  the  single  Caribbean  record 
must  be  in  error  and  should  be  deleted.  In  this  study,  we  have  taken 
all  stages  of  the  species. 

Collection  records:  Comal  Co.,  1 1 1-2-60,  Mountain  Cr.,  3  mi.  S.  Sattler,  many 
larvae  and  pupae;  Hays  Co.,  III-24-67,  Fern  Bluff  Spr.,  2  larvae;  II-6-60,  Blue 
Hole,  near  Wimberley,  12  larvae,  8$  ;  11-22-60,  Onion  Cr.,  3  mi.  S.  Dripping  Spr., 

1  pharate  S  ;  Jeff  Davis  Co.,  IV-14-67,  Limpia  Cr.,  3  pupae.  Kendall  Co.,  XI-6-60, 
Cr.,  5  mi.  S  Boerne,  on  R.  R.  475,  6  larvae,  1  pharate  $ . 

Chimarra  hetteni  Denning 

This  attractive  caddisfly  was  described  from  Mexico  (Denning, 
1941 )  where  it  has  proven  to  be  a  common  form.  The  first  Texas  report 
of  this  species  was  a  collection  made  along  Devil’s  River,  Val  Verde 
County  (Edwards  and  Arnold,  1961).  Subsequently,  the  species  was 
found  to  be  common  along  the  head  of  the  San  Marcos  river  and  the 
larvae  were  described  as  typical  for  the  genus  with  an  asymmetric 
frons  and  large  mandibles  (Edwards  and  Arnold,  1961).  The  adults 
are  distinctive  in  their  black  velvety  vestiture  in  which  irregular 
silvery  spots  occur. 

Collection  records:  Hays  Co.,  V-17-60,  San  Marcos  R.,  Rio  Vista,  3  $  1  $  ;  V-7-66, 
6$  ;  1-8-67,  4  pharate  $  ;  IV-19-67,  9  $  15  $  ;  Val  Verde  Co.,  IV-17-59,  Devil’s  R. 
70  mi.  N  Del  Rio,  6  $  3  $  . 

Chimarra  elia  Ross 

Described  from  a  male  specimen  taken  at  a  small  spring-fed  stream 
west  of  Rrackettville  (Ross,  1944)  this  species  has  since  been  reported 
from  Lower  California  (Ross,  1951),  Nueva  Leon,  Mexico  (Ross, 
1951),  and  Sonora,  Mexico  (Flint,  1958).  The  original  description 
failed  to  include  the  tip  of  the  aedeagus  which,  upon  later  compari¬ 
sons  with  Flint’s  specimens,  was  found  by  Ross  to  have  been  missing. 
The  parts  are  figured  by  Flint  (1958,  Fig.  5) . 

This  study  reveals  the  species  to  be  limited  to  the  southwestern  por¬ 
tion  of  Texas  and  it  has  been  taken  only  sparingly. 

Collection  records:  Edwards  Co.,  1 1 1-24-66,  Spring-fed  brook  across  U.S.  377,  | 
35  mi.  N  Del  Rio,  2<£  1  2  ;  Kinney  Co.,  IV- 14-60,  Pinto  Cr.,  across  U.S.  90,  7  mi. 
W  Brackettville,  the  type  locale,  3  $  4  $  . 
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Chimarra  feria  Ross 

Not  a  common  species  in  our  collections  it  has  only  been  taken  from 
small  spring-fed  brooks  in  south-central  Texas.  Ross  (1941)  described 
this  species  from  3  males  collected  at  Linden,  Cass  County,  in  east 
Texas. 

Collection  records:  Hays  Co.,  III-24-67,  Fern  Bluff  Spr.,  23  3  5  2  ;  Kendall  Co., 
IV-7-60,  Curry  Cr.,  7  mi.  W  Kendalia,  3  319- 

Chimarra  ohscura  (Walker) 

One  of  the  most  common  of  the  central  Texas  caddisflies,  this  species 
has  been  collected  from  a  great  variety  of  aquatic  situations.  The  adults 
have  proven  easy  to  capture  by  day  or  night  methods.  The  larvae  seem 
gregarious  and  form  large  colonies  on  the  larger  rocks  of  a  stream  bed. 
The  species  had  previously  been  reported  in  Texas  by  Ross  (1944). 
Hall  (1950)  notes  that  in  Dallas  County  “a  black  caddisfly  is  almost 
certain  to  be  C.  obscura” 

Collection  records:  Bandera  Co.,  11-6^60,  Medina  R.,  1  mi.  N  Bandera,  4  larvae; 
II-6-60,  Creek  10  mi.  W  Tarpley,  many  larvae  Blanco  Co.,  1-30-60,  creek  2  mi. 

5  Cox  Rd.,  R.R.  32,  5  larvae;  IV-10-65,  Spring  Cr.,  Inks  Lake  St.  Pk.,  6312- 
Caldwell  Co.,  IV- 15-60,  San  Marcos  R.  at  Fentress,  3  3  72;  IV-2-67,  Plum  Cr., 

7  mi.  E  Lockhart,  4  larvae;  Comal  Co.,  IV-22-67,  Guadalupe  R.  near  Sattler,  2  2  6  3; 
IV-22-67,  Guadalupe  R.,  5  mi.  N  New  Braunfels,  3  312,  IV-6-68,  Guadalupe  R., 
Gruene,  39  9  ;  1-29-68,  creek  across  R.R.  32,  21  mi.  W  San  Marcos,  4  larvae; 
IV-5-68,  Landa  Park,  New  Braunfels,  1  3  7  2  ;  Gillespie  Co.,  III-22-60,  Luckenbach 
Cr.,  3  mi.  W  Stonewall,  6  larvae;  Hays  Co.,  IV-21-58,  Fern  Bluff  near  Wimberley, 

8  3  ;  IV-21-62,  Blanco  R.,  5  mi.  W  Wimberley,  10382  ;  IV-4-64,  Onion  Cr.,  3  mi. 
SW  Driftwood,  2  pupae,  8  larvae.  V-17-57,  San  Marcos  R.,  Rio  Vista,  62  ;  V-9-68, 
Cypress  Cr.,  Wimberley,  29;  III-22-60,  Onion  Cr.  across  U.S.  81,  21  larvae; 
Kendall  Co.,  II-6-60,  stream  0.5  mi.  E  Boeme,  many  larvae;  II-6-60,  stream  5  mi. 
E  Boeme,  on  R.R.  475,  6  larvae.  Curry  Co.,  Creek  7  mi.  W  Kendalia,  2  pharate  3, 

6  larvae;  III-22-60,  Guadalupe  R.,  1  mi.  SE  Comfort,  24  larvae,  8  pupae.  Kerr  Co., 
IV-7-60.  Johnson  Cr.,  Ingram,  133  2;  IV-7-60,  Guadalupe  R.,  at  Hunt,  2  3  ; 
IV-4-60,  Guadalupe  R.  at  Centerpoint,  4  larvae;  Travis  Co.,  XI 1-29-5 9,  Onion  Cr. 
across  U.S.  81,  4  mi.  N  Oak  Hill,  2  9,4  larvae;  Uvalde  Co.,  IV-14-60,  Sabinal  R., 
Sabinal,  many  pupae.  Williamson  Co.,  1-30-60,  San  Gabriel  R.,  across  U.S.  183, 
near  Leander,  6  larvae,  4  pupae. 

Family  PSYCHOMYIIDAE 

One  of  the  largest  families  of  Texas  caddisflies,  14  species  of  6  genera 
have  so  far  been  recorded  as  contrasted  with  North  American  records 
of  61  species  in  10  genera  (Flint,  1964).  The  members  of  the  family 
are  quite  variable  in  size,  range,  and  habitats.  In  this  paper,  the  former 
family  Xiphocentronidae  is  included  as  a  Psychomyiid  genus.  The 
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family  Xiphocentronidae  was  erected  by  Ross  (1949)  to  accommodate 
a  little  known  genus,  Xiphocentron  Brauer.  The  new  family  included 
3  species,  bilimekii  and  mexico ,  both  from  Mexico,  and  hwangi ,  from 
Southern  China.  Since  that  time  subsequent  materials  have  indicated 
revision  of  the  family  status  and  the  larval  keys  of  Flint  (1964a, 
1964b)  treat  Xiphocentron  as  a  good  genus. 

Xiphocentron  mexico  Ross 

This  species  was  originally  described  from  Nueva  Leon.  Mexico 
(Ross,  1949)  and  its  presence  in  Texas  has  been  restricted  to  2  highly 
localized  sites.  In  both  habitats  immature  stages  have  been  taken  con¬ 
forming  in  all  respects  to  the  descriptions  of  larval  and  pupal  stages  as 
described  by  Edwards  (1961).  Flint  (1964b)  describes  the  immature 
stages  of  X.  haitiensis  as  being  very  similar  to  X.  mexico .  These  are  the 
only  species  of  the  genus  for  which  the  immature  stages  have  been 
described. 

Collection  records:  Gillespie  Co.,  VII-24-60,  Barrons  Cr.,  Mathieson  Ranch,  7  mi. 
NW  Fredricksburg,  many  larvae  and  pupae;  Hays  Co.,  VI-20-60,  Fern  Bluff  near 
Wimberley,  many  adults,  both  sexes;  VII-4-60,  6  mature  pupae;  VXX-8-67,  many 
larvae. 

Cernotina  astera  Ross 

Described  by  Ross  (1941)  from  specimens  taken  at  San  Felipe 
Springs  at  Del  Rio,  this  species  has  been  taken  during  this  study  not 
only  at  the  type  locale  but  from  a  similar  habitat,  Comal  Springs,  New 
Braunfels.  Flint  (1964b)  has  described  some  larvae  from  the  type 
locale  which  he  believes  to  be  almost  certainly,  those  of  C.  astera , 
although  for  lack  of  proper  metamorphotypes,  he  calls  them  “Genus  C, 
new  form.” 

Collection  records:  Comal  Co.,  1 1 1-24-60,  Landa  Park,  New  Braunfels,  11$; 
IV-15-67,  2 $  1  $  ;  III-15-68,  14$  1?.  Val  Verde  Co.,  San  Felipe  Spg,  Del  Rio, 
IIX-23-60,  6$. 


Cernotina  Oklahoma  Ross 

Since  its  description  from  Oklahoma  (Ross,  1938)  this  species  has 
been  reported  from  Ohio.  We  have  taken  specimens  from  only  one 
locale  in  Texas  although  both  C.  Oklahoma  and  C.  astera  might  be 
expected  to  enjoy  a  wider  dispersal.  Until  Ross  (1951)  reported  that 
the  genus  Cernotina  has  a  greater  variety  of  species  in  Mexico  than  in 
the  U.S.,  the  genus  was  considered  to  be  mainly  North  American. 

Collection  records:  Hays  Co.,  V-9-60,  Cypress  Cr.,  Wimberley,  18$;  IV-21-68, 
4$  1  9 . 
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Cernotina  calcea  Ross 

From  scattered  records  this  species  has  been  identified  from  Florida 
to  Texas  and  in  several  midwestern  states.  It  has  been  taken  by  lantern 
beside  the  Rio  Grande  in  great  numbers  at  one  locale  but  has  not  ap¬ 
peared  in  other  samples  collected  along  that  river  even  within  miles 
of  the  initial  site. 

Collection  records:  Comal  Co.,  IV-6-61,  Guadalupe  R.,  3  mi.  N  New  Braunfels, 
3  $  ;  Marion  Co.,  V-7-71,  Tejas  Village,  Lake  o’  the  Pines,  3  $  ;  Val  Verde  Co., 
IV-17-60,  Rio  Grande,  11  mi.  N  Del  Rio,  31  $  . 

Cy melius  fraternus  (Ranks) 

New  combination,  Flint  1964a 

A  central  states  species,  collection  records  have  centered  around 
Ohio  and  Kentucky.  C.  fraternus  has  a  decided  preference  for  large 
streams  such  as  the  Mississippi  River.  Hall  (1950)  collected  this  species 
in  Dallas  Co.  The  only  other  indication  of  Texas  records  is  a  lone  male 
recorded  only  as  “Texas”  (Ross,  1947). 

Collection  records:  Gonzales  Co.,  San  Marcos  R.,  Palmetto  St.  Pk.,  IV-23-68, 
7  $  1  $  ;  Marion  Co.,  7-7-71,  Lake  o’  the  Pines,  many  males  and  females.  Medina 
Co.,  V-30-58,  Medina  Lake,  3  $  ;  San  Augustine  Co.,  IV-22-70,  Angelina  Forest, 
Sam  Rayburn  reservoir,  6<£2$.  Val  Verde  Co.,  IV-17-60,  Rio  Grande,  11  mi.  N 
Del  Rio,  14,23$. 

Nyctiophylax  vestitus  (Hagen) 

A  common  species  in  the  eastern  states,  vestitus  had  previously  been 
reported  as  far  west  as  the  Ozarks  and  from  Oklahoma.  The  larval 
association  with  adults  has  only  recently  been  accomplished  (Flint, 
1964a)  although  Ross  (1944)  had  originally  described  the  larvae 
under  the  designation  “Psychomyiidae  Genus  B.” 

Collection  records:  Val  Verde  Co.,  IV-17-60,  Rio  Grande,  11  mi.  N  Del  Rio,  2  $  . 

'  J 1  G- 

Neureclipsis  crepuscularis  (Walker) 

This  is  the  only  member  of  the  genus  known  from  Texas.  The 
known  distribution  seems  to  be  centered  from  the  northeast  to  mid- 
western  states.  There  has  been  no  previous  record  from  this  state. 
Specimens  of  crepuscularis  have  appeared  in  collections  from  2  widely 
separated  rivers  which  form  part  of  the  eastern  and  southwestern  state 
boundaries. 

Collection  records:  Sabine  Co.,  VI-23-70,  Sabine  R.,  at  Toledo  Bend  Dam,  2<2  ; 
Shelby  Co.,  VI-25-70,  Sabine  R.  at  U.S.  59,  3  $  1  $ .  Val  Verde  Co.,  VI-2-69,  Rio 
Grande,  Del  Rio,  1  $  . 


502 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Polycentropus  centralis  Banks 

Although  this  species  has  been  reported  in  several  central  states 
since  its  description  (Banks,  1914),  it  is  not  a  common  species.  It  has 
been  taken  only  along  the  Red  River  in  the  Lake  Texoma  area,  and 
that  sparingly. 

Collection  records:  Cooke  Co.,  V-28-69,  Red  R.  at  Sivells  Bend,  4  $  ;  Grayson  Co., 
V-29-69,  Lake  Texoma  near  Dexter,  1  $  . 

Polycentropus  drier eus  Hagen 

Prior  reports  of  this  species  in  Texas  have  been  limited  to  those  of 
Hall  (1950)  who  collected  specimens  along  the  San  Marcos  river  in 
Hays  County.  It  is  a  wide  ranging  and  common  species  across  the 
northern  half  of  the  U.S.,  extending  from  Nova  Scotia  to  British 
Columbia  (Ross,  1944).  Refer  to  Flint  (1964a)  for  a  modification  of 
Ross’  1 944  key  to  the  larvae  of  the  nearctic  Psychomyiidae,  including 
Polycentropus.  The  earlier  key  is  not  accurate  due  to  a  dichotomy 
based  on  the  overhanging  margin  of  the  larval  mandible. 

Collection  records:  Comal  Co.,  III-24-60,  Landa  Park,  New  Braunfels,  1  $  ;  Hays 
Co.,  V-15-68,  San  Marcos  R.,  San  Marcos,  4$  ;  1-25-60,  3  $  5  $  ;  IV-31-61,  16<£  1  $  ; 
Medina  Co.,  V-2CM59,  Medina  Lake,  2  $  . 


Polycentropus  charlesi  Ross 

This  species  is  apparently  limited  to  the  type  locality,  San  Felipe 
springs  within  the  city  limits  of  Del  Rio  (Ross,  1941 ) . 

Collection  records:  Val  Verde  Co.,  IV-25-69,  San  Felipe  Spg,  golf  course,  1  $  ; 
V-15-70,  San  Felipe  Spg,  below  city  park,  3  $  . 

Polycentropus  picana  Ross 

Described  from  Nueva  Leon  and  Tamaulipas,  Mexico  (Ross,  1947) 
this  form  has  been  collected  but  once  in  our  Texas  survey.  Flint 
(1967b)  notes  that  it  is  common  and  widespread  in  northeastern  and 
central  Mexico  but  makes  an  initial  report  of  the  species  in  Durango 
(NW  Mexico). 

Collection  records:  Zapata  Co.,  VI-12-68,  Falcon  Dam,  Rio  Grande,  2$  . 

Polycentropus  proditus  new  species 

The  genitalia  of  this  species  are  considerably  different  from  those  of 
the  nearctic  polycentropids  but  it  does  show  an  affinity  with  P. 
Santiago  Ross  of  the  remotus  group  and  to  a  like  degree  it  resembles 
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picana  Ross  in  the  nature  of  the  sclerotized  rods  of  the  10th  tergite.  The 
curious  and  distinctive  arrangement  of  rods,  aedeagus,  and  cerci  set 
proditus  apart  from  either  picana  or  Santiago.  Male-length  6  mm. 
Color  a  light  brown,  slightly  mottled  over  the  entire  wing  surface;  legs 
and  body  an  even  straw-color.  Genitalia  as  in  Fig.  1.  Tenth  tergite 
bearing  a  pair  of  laterally  directed  boomerang-shaped  membranous 
flaps,  each  terminated  by  a  sclerotized  spur  when  seen  in  dorsal  view; 
seen  laterally,  these  flaps  and  the  terminal  dark  spur  appear  only  as  a 
posteriorly-directed  process.  Cerci  are  small  and  trapezoidal,  with 
scattered  short  setae  over  the  lateral  surfaces.  Below  each  cercus  is  a 
sclerotized  plate  which  is  produced  into  a  beak-like  process  pointing 
directly  ventrad;  in  this  respect,  it  is  almost  identical  to  P.  Santiago. 
The  claspers  are  divided  to  their  bases,  the  dorsal  lobe  a  slender  finger¬ 
like  process,  covered  by  weak  setae  and  curved  mesiad;  the  ventral 
lobes  are  truncate,  half  as  long  as  the  dorsal  flap  and  bear,  on  their 
mesial  surfaces,  a  posteriorly  directed  thickened  surface  set  with  small 
short  spicules.  Again,  the  clasper  arrangement  closely  resembles  that 
of  Santiago.  The  aedeagus,  seen  laterally,  is  a  graceful  sigmoid  un- 
sclerotized  process  which  extends,  for  half  of  its  length,  beyond  the 
dorsal  lobes  of  the  claspers.  Immediately  ventrad  the  aedeagus,  and 
accompanying  it  for  %  of  its  length  are  a  pair  of  obvious,  dark-brown 
sclerotized  rods  whose  apical  3rd  bends  gently  ventrad.  These  rods 
resemble  those  of  picana  in  their  length  and  general  appearance,  but 
are  not  angled  so  sharply  in  proditus ;  further,  the  aedeagus  of  proditus 
resembles  that  of  picana  not  at  all.  Holotype  male,  Frio  River,  Barks¬ 
dale,  Edwards  Co.,  V-31-60.  Paratypes,  2$  ;  same  date  as  holotype. 

Collection  records:  Comal  Co.,  VI 1-21 -60,  Guadalupe  R.,  across  U.S.  81,  2$  ; 
Edwards  Co.,  IV-13-61,  Nueces  R.,  6  mi.  S  Hackberry  Cr.  on  Taylor’s  Ranch,  3  $  ; 
X-22-61,  Nueces  R.,  on  Tex.  335,  3  mi.  from  Vance,  1  pharate  male.  Hays  Co., 
V-9-60,  Blanco  R.,  Five-mile  dam,  6$;  Val  Verde  Co.,  IV-17-61,  Rio  Grande, 
1 1  mi.  N  Del  Rio,  1  $  . 

Family  HYDROPSYCHIDAE 

Only  3  genera  of  this  large  family  have  been  taken  during  this 
study.  The  genus  Cheumatopsyche  is  ubiquitous  while  Hydropsyche 
has  been  collected  only  from  large  rivers  or  reservoirs.  Smicridea  ap¬ 
pears  in  but  3  central  counties,  along  clear  cold  streams. 

Smicridea  fasciatella  McLachlan 

With  its  range  apparently  centered  around  Oklahoma  and  Texas, 
the  presence  of  this  species  in  our  collections  was  to  be  expected.  Hall 


504 


THE  TEXAS  JOURNAL  OF  SCIENCE 


(1950)  did  not  report  this  form  from  Dallas  Co.,  but  did  report  its 
presence  along  the  San  Marcos  river  where  we  found  it  to  be  a  common 
species  (Edwards  and  Arnold,  1 961 ) . 

Collection  records:  Caldwell  Co.,  IV-15-67,  San  Marcos  R.,  Martindale,  1288$. 

IV- 22-69,  San  Marcos  R.,  Prairie  Lea,  many  adults,  Comal  Co.,  V-6-65,  Guadalupe 
R.,  Sattler,  3  8  . 

Hydropsyche  orris  Ross 

Collection  records:  Comal  Co.,  XV-22-60,  Guadalupe  R.,  Sattler,  18  5$;  Kerr  Co., 

V- 7-61,  Johnson  Cr.,  Ingram,  4  8  . 

Hydropsyche  scalar  is  Hagen 

Collection  records:  Rlanco  Co.,  1-30-60,  Pedemales  R.,  1  mi.  N  Johnson  City,  2 
larvae,  5  pharate  8  ;  Comal  Co.,  VI-6-60,  Guadalupe  R.,  3  mi.  N  New  Braunfels, 

5  8 . 

Hydropsyche  solex  Ross 

Described  from  Balmorhea  State  Park  by  Ross  (1944) ,  these  present 
collections  are  from  the  type  locale  and  included  both  larval  and  adult 
stages.  So  far,  its  presence  seem  restricted  to  the  park  area  with  its 
spring-fed  water  supply. 

Collection  records:  Reeves  Co.,  IV-16-60,  irrigation  flumes,  Balmorhea  State  Pk., 
14  pupae,  7  larvae;  V-21-66,  3  8  ;  VI-12-69,  3  8  2$. 

Hydropsyche  delrio  Ross 

Collection  records:  Val  Verde  Co.,  III-27-66,  San  Felipe  Spg.,  28;  IV-14-68, 
681  $  ;  V-27-70,  2$. 

Hydropsyche  simulans  Ross 

Collection  records:  Lamar  Co.,  Ill— 27— 61 ,  Lake  Crook,  5  mi.  N  Paris,  2814$; 
Marion  Co..  IV-17-71,  Lake’o  the  Pines,  28,  4$  .  Panola  Co.,  IV-27-69,  Sabine  R. 
across  U.S.  59,  683$;  Sabine  Co.,  V-22-69,  Toledo  Bend  Dam,  12831  $  ;  VI-17-70, 
2812$. 

Cheumatopsyche  analis  (Banks) 

Relatively  common  in  our  collections,  the  known  range  of  this 
species  is  continental,  but  generally  excluding  the  southwestern  states.  ' 
The  aquatic  stages  of  the  species  are  quite  resistant  to  poor  stream 
conditions  as  sediments,  pollution,  and  municipal  dumping  of  debris, 
so  that  analis ,  as  well  as  others  of  the  genus,  are  often  the  sole  remain  ; 
ing  trichopterans  in  a  manhandled  stream. 

Collection  records:  Bandera  Co.,  II-6-60,  Cr.  across  R.R.  470,  10  mi.  W  Tarpley,  l 
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4 $  ;  Blanco  Co.,  1-30-60,  brook  across  U.S.  290,  Johnson  City,  6$;  12  pupae; 
Burnet  Co.,  IV- 10-66,  Spring  Cr.,  Inks  Lake  St.  Pk.,  2$  16$  ;  IV-9^67,  Longhorn 
Caverns  St.  Pk.,  4$;  Hays  Co.,  V-17-67,  San  Marcos  R.,  San  Marcos,  12 $  4$; 
IV-15-67,  8  $32;  V-17-68,  many  adults,  Jeff  Davis  Co.,  IV-15-60,  Limpia  Cr., 

1  mi.  N  Fort  Davis,  3  mature  pupae;  Kendall  Co.,  II-6-60,  Cr.  5  mi.  S  Boerne,  2$  ; 
IV-7-60,  Curry  Cr.,  7.7  mi.  W  Kendalia,  3$  1  2  ;  Kerr  Co.,  V-8-60,  Johnson  Cr., 
Ingram,  2$;  Medina  Co.,  V-3G-59,  Medina  Lake  14 $  26$.  Williamson  Co., 
1-30-60,  San  Gabriel  R.,  across  U.S.  183,  Leander,  6  male  pupae. 

Cheumatopsyche  campyla  Ross 

A  wide-ranging  species,  it  has  previously  been  reported  from  this 
state  by  Hall  (1950)  who  remarked  that  this  was  the  most  common 
species  in  Dallas  County. 

Collection  records:  Caldwell  Co.,  II-2-60,  creek  5  mi.  NE  San  Marcos,  1  9 , 
4  pupae,  II-2-60,  Plum  Cr.,  7  mi.  E  Lockhart,  4  $  ,7  pupae. 

Cheumatopsyche  comis  Edwards 

Described  from  the  San  Marcos  river  (Edwards  1961 ) ,  this  form  has 
since  been  taken  at  several  other  sites.  In  each  case,  these  locales 
resemble  the  type  locale  in  that  all  are  spring-fed  with  cold,  swift¬ 
flowing  waters. 

Collection  records:  Hays  Co.,  1 1 1-21 -67,  3  $  ;  Fern  Bluff,  near  Wimberley, 

IV-  17-69,  14$ 3  $  ;  Cypress  Cr.,  Wimberley,  5  $22;  Val  Verde  Co.,  IV-14-60, 
San  Felipe  Spg.,  Del  Rio,  1  <$  3  $  . 

Cheumatopsyche  lasia  Ross 

Collection  records:  Caldwell  Co.,  III-27-67,  Martindale,  many  adults;  V-17-67, 
Prairie  Lea,  1  $32  ;  Hays  Co.,  V-20-67,  San  Marcos  R.,  San  Marcos,  3  2  ;  Rains 
Co.,  VI-17-19,  Lake  Tawakoni  at  Dunbar,  3  <3  1  $  . 

Cheumatopsyche  sord'da  (Hagen) 

Collection  records:  Fannin  Co.,  VI-2-69,  Red  River,  near  Ivanhoe,  3$;  Lamar 
Co.,  V-28-68,  Pat  Mayse  Reservoir,  Powderley,  1  $4<2 . 

Potamyia  fiava  (Hagen) 

Collection  records:  Bowie  Co.,  V-2-70,  Lake  Texarkana,  across  Tex.  8,  12<33$  ; 

V- 2-70,  Red  River  at  New  Boston,  3  $7  2;  Harrison  Co.,  VI-12-69,  Sabine  R. 
across  Tex.  43,  3$  10  2  ;  Shelby  Co.,  VI-17-70,  Toledo  Bend  reservoir,  across  U.S. 
59,  6$  17  2  ;  Van  Zandt  Co.,  VII-14-69,  Sabine  R.,  3  mi.  S  Mineola,  2^249. 

Family  HYDROPTILIDAE 

From  the  standpoint  of  number  of  species  present,  this  is  the  largest 
family  of  caddisflies  in  Texas.  During  the  course  of  this  study  these 
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micro-caddisflies  have  never  appeared  in  great  numbers  at  the  collec¬ 
tion  sites  and  they  have  been  collected  where,  apparently,  no  other 
species  were  present. 


Leucotrichia  sarita  Ross 

Described  from  Reeves  County  in  west  Texas  (Ross,  1944)  this 
pretty  micro-caddisfly  appears  in  great  numbers  at  the  copious  springs 
in  Landa  Park,  New  Braunfels.  The  adults  appear  in  January  and  they 
avoid  the  occasional  harsh  temperatures  by  clustering  on  rocks  at  the 
waters  edge.  Since  the  water  is  a  relatively  constant  70  °F  year-round, 
this  seems  to  afford  adequate  protection.  This  species  is  also  reported 
to  be  common  in  Mexico  and  Central  America  and  has  been  taken  in 
Arizona  and  Costa  Rica  (Flint,  1968). 

Collection  records:  Comal  Co.,  1-18-60,  Landa  Pk.,  New  Braunfels,  many  adults; 
Hays  Co.,  11-14-61,  Fern  Bluff  near  Wimberley,  many  larvae  and  pupae;  11-15-67, 
Spring  Lake,  San  Marcos,  2  <5  3  9  ;  Travis  Co.,  II-5-68,  Sunken  Garden  Spg.,  Barton 
Cr.,  4$  ;  Reeves  Co.,  VI-21-70,  Balmorhea  St.  Pk.,  6$ 2$  . 

Leucotrichia  limpia  Ross 

Described  from  Limpia  Creek  near  Fort  Davis  (Ross,  1944),  this 
form,  like  L.  sarita  has  subsequently  been  reported  from  sites  in  Ari¬ 
zona,  Mexico,  and  Central  America  (Flint,  1970) . 

Collection  records:  Jeff  Davis  Co.,  VI-22-69,  Limpia  Cr.,  2  mi.  N  Fort  Davis, 
many  larvae  and  pupae;  Presidio  Co.,  VI-21 -69,  drainage  area  beside  Tex.  17,  6  mi. 
N  Marfa,  6  larvae,  3  pharate  males. 

Ochrotrichia  anisca  (Ross) 

The  known  range  of  this  species  includes  the  Ozarks  and  on  through 
Oklahoma.  It  has  not  been  previously  reported  from  Texas. 

Collection  records:  Bandera  Co.,  II-6-60,  Pipecreek,  across  Tex.  16,  many  larvae 
and  pupae;  Kendall  Co.,  V-28-68,  creek  across  R.R.  475,  8  mi.  SW  Boeme,  6  <5  1  $• 

Ochotrichia  capitana  Ross 

This  primitive  member  of  the  family  has  been  taken  only  at  the 
type  locale,  McKittrick  Canyon  in  the  Guadalupe  Mountains  near 
Carlsbad,  New  Mexico.  The  adults  were  taken  by  sweeping  vegetation 
near  a  seepage  area. 

Collection  records:  Hudspeth  Co.,  V-17-70,  McKittrick  Cr.,  4$  . 
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Ochrotrichia  felipe  Ross 

Not  taken  during  this  study,  this  species  is  included  for  complete¬ 
ness.  The  form  was  described  by  Ross  (1944)  from  San  Felipe  Springs 
in  Del  Rio,  and  despite  repeated  stops  at  this  locale  felipe  has  yet  to  be 
collected. 


Ochrotrichia  tarsialis  (Hagen) 

Collection  records:  Caldwell  Co.,  11-12-67,  San  Marcos  R.,  Prairie  Lea,  many 
adults;  III— 1 8— ©7,  San  Marcos  R.,  Luling,  4$  ;  Gonzales  Co.,  HI-1 5-68,  San  Marcos 
R.,  Gonzales,  3$  1  §  ;  Hays  Co.,  111-27-69,  San  Marcos  R.,  Thompson’s  Island,  2$. 
Navarro  Co.,  1Y-16-68,  Chambers  Cr.  across  Tex.  31,  4$;  Newton  Co.,  V-30-70. 
Rig  Cow  Cr.,  1  mi.  E  Newton,  6  $  1  $  . 


Orthotrichia  americana  Banks 

Collection  records:  DeWitt  Co.,  VI-20-60,  Cr.  across  Tex.  67,  city  limits,  Yoakum, 
3  $4$.  Gonzales  Co.,  IV-17-68,  San  Marcos  R.,  Palmetto  St  Pk.,  6$  14$. 

Orthotrichia  cristata  Morton 

Collection  records:  Bowie  Co.,  V-9-61,  Kickapoo  Lodge,  Lake  Texarkana,  2  $; 
Marion  Co.,  IV-8-71,  Tejas  Lodge,  Lake’o  the  Pines,  14$  6  $  . 

Hydroptila  hamata  Morton 

Of  widespread  distribution,  this  caddisfly  has  been  reported  from 
Ontario,  Canada  to  Washington  state  and  as  far  south  as  southern 
Mexico.  Our  collections  of  this  species  have  been  very  limited  in  both 
range  and  numbers. 

Collection  records:  Lamar  Co.,  VI-15-68,  Lake  Crook,  11  mi.  N  Paris,  2$; 
Panola  Co.,  VH-20-70,  Lake  Murvaul  on  FM  1971, 1  $  . 

Hydroptila  armata  Ross 

Collection  records:  Hays  Co.,  IIX-24-57,  Fern  Bluff,  Wimberley,  many  pupae. 

Hydroptila  consimilis  Morton 

Collection  records:  Blanco  Co.,  1-30-60,  Cr.  across  U.S.  281,  4  mi.  S  Marble  Falls, 
2$  ;  Caldwell  Co.,  IV— 15-67,  San  Marcos  K.,  Martindale,  many  adults;  Guadalupe 
Co.,  Ill  •14-60,  Spg.  1  mi.  W  Navarro  School,  Geronimo  Cr.,  2$  ;  Jeff  Davis  Co., 
IV-7-60,  Limpia  Cr.,  1  mi.  N  Fort  Davis,  4$;  Kerr  Co.,  V-7-69,  Johnson  Cr., 
Ingram,  5  $ . 

Hydroptila  grandiosa  Ross 

Collection  records:  Howard  Co.,  VI-17-69,  Big  Spring,  municipal  park,  4  $  1  $ . 
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Hydroptila  angusta  Ross 

Collection  records:  Coke  Co.,  VI-21-68,  Colorado  R.,  across  Tex.  70,  4$.  Karnes 
Co.,  VI  1-6^70,  Cibilo  Cr.,  low  water  bridge,  1  mi.  Czestohowa,  4  pupae.  Pecos  Co., 
VII-19-71,  Pecos  R.,  across  Tex.  18,  near  Grandfalls,  1  S  . 


Hydroptila  icona  Mosely 

Collection  records:  Val  Verde  Co.,  VI-18-69,  Pecos  R.,  3  mi.  S  Pandale,  3#. 

Neotrichia  okopa  Ross 

The  range  of  this  species  was  known  to  include  Oklahoma  but  it  has 
not  been  reported  previously  in  Texas. 

Collection  records:  Hays  Co.,  III-9-68,  Blanco  R.,  3  mi.  SE  Wimberley,  8  $ . 
V-9-69,  Cypress  Cr.,  Wimberley,  4  <3  . 

Neotrichia  sonora  Ross 

The  type  locale,  “Neville  Spring,  at  foot  of  Chisos  Mts.,  Texas” 
(Ross,  1944),  was  not  visited  during  this  project.  The  species  was, 
however,  taken  from  the  creek  which  drains  past  Root  Springs  on  the 
South  Rim  trail  above  the  Chisos  Basin. 

Collection  records:  Brewster  Co.,  Ill— 1 7—70,  Boot  Springs,  South  Rim,  Big  Bend 
Natl.  Pk.,  6  pharate  males. 

May  atrichia  ayama  Mosely 

Collection  records:  Caldwell  Co.,  Ill— 1 7—67,  San  Marcos  R.,  Staples,  many  adults; 
Comal  Co.,  V-22-68,  Guadalupe  R.,  1  mi.  S  Sattler,  4$.  DeWitt  Co.,  V-26-69, 
Guadalupe  R.,  3  mi.  S  Cuero,  8  $  3  $  ;  Goliad  Co.,  VI-12-70,  San  Antonio  R.,  Goliad 
St.  Pk.,  1  <3  3  $  . 

Mayatrichia  acuna  Ross 

Collection  records:  Val  Verde  Co.,  VI-17-70,  San  Felipe  Spr.,  Del  Rio,  3  $  . 

Metrich:a  nigritta  (Banks) 

Described  by  Banks  (1907)  and  placed  in  the  genus  Orthotrichia , 
this  jet  black,  densely  hirsute  microcaddisfly  was  later  placed  in  the 
genus  Metrichia  (Ross,  1938).  The  larvae  were  described  from  a 
curiously  restricted  area  of  the  San  Marcos  River  (Edwards  &  Arnold, 
1961)  and  the  species  has  so  far,  been  found  only  at  the  San  Marcos 
site  and  a  very  similar  habitat  near  Barton  Springs,  Austin. 

Collection  records:  Hays  Co.,  Ill— 1 9—60,  Mill  race,  Rio  Vista,  San  Marcos,  many 
adults.  Travis  Co.,  V-6-70,  Barton  Springs,  Riverside  Dr.,  6$  . 


TEXAS  CADDISFLIES 


509 


Oxyethira  coercens  Morton 

Collection  records:  Baylor  Co.,  VII-15-70,  Lake  Kemp  at  U.S.  183-283,  5  mi. 
N  Maybelle,  3#.  Wilbarger  Co.,  VII-21-70,  Pease  R.,  Vernon,  8  #22. 

Oxyethira  dualis  Morton 

Collections  records:  Loving  Co.,  VI-26-69,  Pecos  R.  across  Tex.  302,  Amo,  1  # . 
Ward  Co.,  V-14-70,  Pecos  R.,  across  Tex.  18,  near  Grandfalls,  3  #  . 

Oxyethira  novasota  Ross 

Collection  records:  Grimes  Co.,  VI-8-70,  Navasota  R.,  across  Tex.  30,  12  mi.  E 
Bryan,  1  #3  $ .  Limestone  Co.,  IV-17-68,  Lake  Mexia,  across  U.S.  84,  12#  . 

In  addition  to  the  foregoing  Hydroptilidae,  3  other  species  have  been 
reported,  or  described,  from  Texas  but  have  not  been  taken  during  this 
survey.  They  are:  Oxyeth:ra  aculea  (Ross,  1944),  Oxyethira  ulmeri 
(Mosely,  1937),  and  Neotrichia  caxima  (Mosely,  1937.) 

Family  LIMNEPHILIDAE 

One  of  the  largest  families  of  Trichoptera  in  North  America,  the 
limnephilids  are  represented  in  Texas  by  a  single  genus  and  3  species, 
all  limited  to  the  extreme  western  portion  of  the  state.  Most  of  the  20 
genera  and  almost  200  species  contained  in  the  Limnephilidae  are  dis¬ 
tributed  in  the  northern  states  from  coast  to  coast  with  the  greatest 
variety  of  species  occurring  in  the  western  states. 

Limneph  lus  lithus  (Milne) 

Described  from  Roulder,  Colorado  (Milne,  1935)  and  subsequently 
reported  from  Las  Vegas,  New  Mexico,  Palmerlee,  Arizona,  Regnier, 
Colorado,  and  Fort  Davis.  Texas,  this  species  has  been  found  only  in 
very  localized  sites  in  the  Davis  Mountains. 

Collection  records:  Jeff  Davis  Co.,  IV-15-67,  Seepage  along  Tex.  118,  10  mi. 
N  Alpine,  3  larvae,  1  pharate  male.  VI-1 7-68,  Limpia  Cr.,  4  pharate  males.  V-27-67, 
Brook  across  Tex.  118,  8  mi.  S  Fort  Davis,  many  larval  stages. 


Limnephilus  adapus  Ross 

No  adults  of  this  species  were  captured  by  sweeping,  light  attraction, 
or  by  visual  inspection  of  the  habitat.  Diagnosis  depended  upon  the  col¬ 
lection  of  a  mature  male  pupa  since  the  larval  stages  remain  unde¬ 
scribed  and  no  association  was  possible  with  the  single  pupa  obtained. 

Collection  records:  Jeff  Davis  C.,  VI 1-27-69,  Limpia  Canyon  seepage  area,  2  mi. 
up  scenic  drive,  1  pupa. 
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Limnephilus  frijole  Ross 

This  form  was  described  from  Texas  by  Ross  (1944)  at  Manzaneta 
Spring,  Frijole  (Guadalupe  Mts.)  and  has  been  subsequently  reported 
from  New  Mexico,  California,  and  Mexico.  The  California  specimens 
vary  slightly  from  the  Texas  holotypes  in  that  their  claspers  are  no¬ 
ticeably  longer  (Ross,  1949).  Flint  (1963)  also  includes  the  species 
with  several  others  from  Central  America  and  Haiti  although  more 
specific  data  is  lacking.  The  species  was  not  taken  during  this  study  al¬ 
though  its  presence  was  actively  sought  for  during  a  single  collection 
trip  into  McKittrick  Canyon  and  Ross  had  reported  its  presence  there. 

Family  ODONTOCERIDAE 

Only  one  member  of  this  family  was  taken  during  this  survey  al¬ 
though  a  2nd  species  has  been  previously  reported  from  Texas.  Marilia 
flexuosa  Ulmer  has  been  collected  from  Texas  to  Brazil  and,  in  Mex¬ 
ico,  it  has  been  taken  from  Vera  Cruz  on  the  East  coast  to  Baja,  Cali¬ 
fornia  on  the  West  coast.  Flint  (1967b)  comments  on  the  complexity 
of  the  genus  Marilia  and  includes  M.  nohsca  Milne  as  one  of  several  in 
a  complex  of  “species”  which  are  very  difficult  to  diagnose.  The  type 
locality  of  M.  flexuosa  Ulmer  is  Texas  and  this  was  designated  as  its 
restricted  lectotype  locality  (Ross,  1951).  The  type  locality  of  M. 
nobsca  Milne  is  “Fort  Davis,  Jeff  Davis  Co.,  Tex.”  and  this,  presum¬ 
ably,  is  Limpia  Canyon  where  we  took  several  mature  pupae.  M. 
nobsca  has  also  been  reported  from  Lower  California. 

Marilia  nobsca  Milne 

Collection  records:  Jeff  Davis  Co.,  VII-17-69,  Limpia  Cr.,  1  mi.  N  Fort  Davis, 
3  mature  male  pupae. 

Family  CALAMOCERATIDAE 

A  small  family  of  tropical  distribution,  members  are  generally 
diurnal  in  activity  and  are  frequently  brightly  colored.  In  this  latter 
feature,  they  are  almost  unique  in  the  Trichop tera.  The  larval  stages 
are  case-builders  and  usually  restricted  to  slowly  moving  waters. 

Phylloicus  ornatus  (Banks) 

Described  by  Banks  (1909)  from  Brownwood,  Texas,  this  species 
has  been  taken  at  a  single  site,  a  small  spring  in  Hays  County.  The 
same  species  has  recently  been  reported  from  Sinaloa,  Mexico  (Flint, 
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1967a).  Two  very  similar  species,  P.  sagittosa  Ross  and  P.  mexicana 
Banks  occur  in  lower  California  and  Mexico,  respectively. 

Collection  records:  Hays  Co.,  VI-12-67,  Fern  Bank  Spg.,  Wimberley,  4  pupae; 
VII-26-69,  2  larvae,  2  pupae. 

Family  LEPTOCERIDAE 

One  of  the  most  attractive  of  the  caddisfly  families,  the  leptocerids 
are  invariably  slender,  graceful,  and  frequently  occur  in  enormous 
numbers.  The  family  is  well  represented  in  Texas  by  13  species  in  5 
genera. 


Leptocella  exquisita  (Walker) 

Of  widespread  distribution  from  the  eastern  seaboard  to  the  Great 
Plains,  exquisita  has  not  proven  to  be  a  common  species  in  this  state. 

Collection  records:  Caldwell  Co.,  11-21-68,  San  Marcos  R.,  Martindale,  4$. 
Comal  Co.,  1 1 1-22-60,  Guadalupe  R.,  F.M.  1102,  14  $6$;  Marion  Co.,  VI-1 7-69, 
Lake’o  the  Pines,  Tejas  Lodge,  2  $  . 

Leptocella  intervena  Banks 

This  form  is  a  member  of  the  albida  group  of  Leptocella.  Due  to  an 
accidental  transposition  of  labels  in  the  MCZ-Harvard  specimens,  Ross 
(1938)  designated  a  lectotype  for  L.  texana  from  a  syntypic  series  of  L. 
intervena.  Flint  (1966)  having  reexamined  this  material,  has  desig¬ 
nated  a  lectotype  of  L.  intervena  which  had  been  taken  from  Zavalla 
Co.,  Nueces  River,  Texas.  Flint  further  states  that  he  can  find  only  a 
color  difference  between  males  of  L.  intervena  and  L.  diarina  and 
therefore  he  places  d'arina  in  synonymy.  Flint  speculates  that  addi¬ 
tional  material  will  show  intervena ,  texana ,  and  possibly  albida  to  be 
synonymous. 

We  have  taken  only  a  single  variety  of  Leptocella  in  south  Texas 
and  the  male  genitalia  and  coloration  are  those  of  L.  diarina  as  de¬ 
scribed  by  Ross  (1944) .  As  Flint  has  had  the  opportunity  of  compara¬ 
tive  examination  of  a  lectotype  of  Bank’s  original  specimens  of  inter¬ 
vena  and  a  paratype  of  diarina  Ross  and  equates  them,  our  specimens 
are  here  called  intervena. 

Collection  records:  Gonzales  Co.,  V-8-64,  San  Marcos  R.,  Palmetto  St.  Pk.,  6$  1  $  ; 
V-31-66,  Guadalupe  R.,  4  mi.  W  Gonzales,  many  adults.  Live  Oak  Co.,  VI-12-68, 
Nueces  R.,  across  U.S.  59,  3  mi.  E  George  West,  4$ 2$.  Travis  Co.,  V-13-67, 
Barton  Spgs.  at  junction  with  Colorado  R.,  9  $  5  $  . 
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Leptocella  pavida  (Hagen) 

Collection  records:  Comal  Co.,  IV-6-60,  Guadalupe  R.,  Sattler,  many  adults: 
Gonzales  Co.,  VI-27-69,  Guadalupe  R.,  Gonzales,  2(518$.  Hays  Co.,  IV- 17-60, 
Blanco  R.,  across  Tex.  21,  3  $  . 


Leptocella  spiloma  Ross 

Collection  records:  Hidalgo  Co.,  VII-12-67,  Rio  Grande,  near  Sullivan  City, 
2,54$. 


Athripsodes  flavus  (Banks) 

Collection  of  this  species  in  Texas  is  somewhat  unusual  since  prior 
reports  of  its  distribution  indicate  a  north-central  states  locus. 

Collection  records:  Gonzales  Co.,  VI-1 -69,  Guadalupe  R.,  at  junction  with  San 
Marcos  R.,  4  $  6  $  . 

Athripsodes  transversus  (Hagen) 

Collection  records:  Bastrop  Co.,  V-28-60,  Colorado  R.,  5  mi.  N  Bastrop,  many 
adults;  Gonzales  Co.,  VII-14-67,  San  Marcos  R.,  Palmetto  St.  Pk.,  1  $ .  Travis  Co., 
V-27-61,  Barton  Sprgs.,  6  <5  8  $  . 

T riaenodes  injusta  (Hagen) 

Found  in  quantity  at  but  one  location,  this  species  seems  a  relict  pop¬ 
ulation.  Ross  (1944)  noted  that  the  species  was  abundant  in  glacial 
lakes  of  northeastern  Illinois.  Subsequent  collections  from  other  states 
have  revealed  the  existence  of  an  injusta  complex  of  at  least  3  species 
rather  than  the  single  species  originally  known  (Ross,  1959).  The  dis¬ 
tribution  of  these  new  species  include  connata  from  Illinois  and  Ken¬ 
tucky,  furcella  from  Florida,  while  injusta  has  been  reported  from 
Quebec  to  Minnesota.  Our  specimens,  both  male  and  female,  seem  un¬ 
deniably  injusta. 

Collection  records:  Hays  Co.,  VII-17-60,  Onion  Cr.,  Camp  Ben  McCollough,  2  <5 . 
Travis  Co.,  V-27-60,  Barton  Sprgs.,  3  <57$;  VI I- 12-68,  3  <5  . 

T riaenodes  perna  Ross 

Collection  records:  Comal  Co.,  VI-17-60,  Guadalupe  R.,  New  Braunfels,  2$. 
Wichita  Co.,  VI-1-69,  Red  River  at  U.S.  281,  1  S  . 


Oecetis  avara  (Banks) 

One  of  the  more  common  species  along  the  larger  streams  of  the 
state,  avara  has  also  a  very  wide  range  across  the  continent.  Hall 
(1950)  found  it  to  be  very  abundant  in  Dallas  County. 
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Collection  records:  Bastrop  Co.,  V-28-65,  Colorado  R.,  Bastrop,  many  adults. 
Blanco  Co.,  111-30-66,  Pedernales  R.,  Johnson  City,  6  $  12$  .  Caldwell  Co.,  Ill— 1 7—68, 
Plum  Cr.,  7  mi.  E  Lockhart,  1  $  3  $ .  Comal  Co.,  IV- 14-66,  Mountain  Cr.,  3  mi. 
S  Sattler,  4$  1  $  .  Gonzales  Co.,  VI 1-6-6 7,  San  Marcos  R.,  Palmetto  St.  Pk.,  12$  16  9 . 
Hays  Co.,  VI-15-67,  Blanco  R.,  5-mile  dam,  1$39;  Kerr  Co.,  IV-7-60,  Johnson 
Cr.,  Ingram,  2$.  Kinney  Co.,  VI-19-60,  Las  Moras  Sprgs.,  Brackettville,  1  $  4  $  . 
Travis  Co.,  VI-27-67,  Barton  Sprgs.,  3  $  .  Val  Verde  Co.,  IV-17-60,  Rio  Grande, 
1 1  mi.  N  Del  Rio,  3  $  1  $  . 

Oecetis  cinerascens  (Hagen) 

Collection  records:  Gonzales  Co.,  V 1-20-60,  Guadalupe  R.,  Gonzales,  4$3$. 
Hays  Co.,  IV-19-68,  Thompson’s  Island,  San  Marcos  R.,  1$15$.  Travis  Co., 

IV-  12-66,  Barton  Sprgs.,  4$  . 

Oecetis  inconspicua  (Walker) 

This  species  belies  its  name  as  it  is  a  very  common  form  and  it  has 
what  is  probably  the  widest  range  of  any  caddisfly  in  North  America. 
It  is  also  reported  from  Mexico,  Central  America,  and  the  Greater 
Antilles. 

Collection  records:  Bell  Co.,  VI 1-2-60,  Belton  Lake,  3$.  Blanco  Co.,  V-ll-66, 
Pedernales  R.,  Johnson  City,  many  adults.  Burnet  Co.,  VI-6-69,  Colorado  R.,  Inks 
Lake  St.  Pk.,  2$  62.  Caldwell  Co.,  V-21-68,  San  Marcos  R.,  Martindale,  4$. 
Comal  Co.,  VI-4-68,  Guadalupe  R.,  New  Braunfels,  many  adults.  Gonzales  Co., 

V- 14-60,  Palmetto  St.  Pk.,  6$.  Kinney  Co.,  VI-19-68,  Las  Moras  Sprgs.,  Brackett¬ 
ville,  2  $  .  Medina  Co.,  V-20-68,  Medina  Lake,  many  adults.  Travis  Co.,  V-25-68, 
Barton  Sprgs.,  Austin,  many  adults. 


Oecetis  persimilis  (Banks) 

Previously  unreported  from  this  state,  we  have  but  a  single  record 
in  our  present  survey  for  this  species.  Its  range  is  apparently  centered 
in  the  mid-eastern  states. 

Collection  records:  Gonzales  Co.,  V-31-60,  San  Marcos  R.,  at  junction  with  the 
Guadalupe  R.,  1  $  3  §  . 


Leptocerus  americanus  (Banks) 

As  with  Oecetis  persimil  s,  this  species  has  also  been  taken  but  once 
during  these  collections  and  it  too  had  been  previously  unreported 
from  the  state. 

Collection  records:  Marion  Co.,  V-7-71,  Lake  o’  the  Pines,  Tejas  Lodge,  1  $  6  $  . 

Family  BR ACHY CENTRIDAE 

This  small  family  appears  restricted  to  rapidly  flowing  water  in 
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medium-sized  rivers.  Only  Brachycentrus  americanus  has  been  taken 
during  this  survey  and  those  specimens  were  from  the  Pecos  River, 
New  Mexico. 


Brachycentrus  americanus  (Banks) 

This  species  is  included  here  because  of  its  occurrence  in  the  Pecos 
River  although  it  has  not  been  found  farther  south  on  the  Pecos  than 
Carlsbad,  New  Mexico,  and  it  was  sparse  at  that  point.  It  occurs  in 
great  numbers  farther  up  the  Pecos  toward  the  cold,  rushing  head 
waters  of  this  river  near  Santa  Fe.  At  its  origin,  the  Pecos  is  an  excel¬ 
lent  trout  stream  and  if  one  braves  the  cold  swift  waters  to  lift  rounded 
stones  from  the  river  bed,  the  larvae  and  pupae  of  B.  americanus  may 
be  collected  easily,  and  as  easily  identified  by  the  characteristic 
square-cut  cases  of  wood  fragments.  This  species  has  also  proven  a 
common  species  in  Arizona,  Colorado,  Utah,  and  Wyoming. 

Family  HELICOPS  Y  CHID  AE 

The  only  genus  in  this  family  builds  the  characteristic  snail-shaped 
cases  of  sand  grains.  Three  species  of  the  genus  Helicopsyche  have  so 
far  been  taken  in  Texas. 


Helicopsyche  borealis  Hagen 

Collection  records:  Blanco  Co.,  V-ll-67,  Pedemales  R.,  Johnson  City,  3$2$. 
Comal  Co.,  VI-10-67,  Sprg.  on  Pfeiffer’s  Ranch,  3  mi.  N  New  Braunfels,  many 
larvae  and  pupae.  Gillespie  Co.,  VI 1-24-60,  Sprg.,  Mathieson  Ranch,  6  mi.  NW 
Fredricksburg,  many  larvae  and  pupae.  Guadalupe  Co.,  II I- 14-66,  Sprg.,  Navarro 
School,  Geronimo,  many  larvae.  Jeff  Davis  Co.,  IV-15-67,  Limpia  Canyon,  Fort 
Davis,  many  larvae.  Val  Verde  Co.,  V-19-67,  San  Felipe  Sprg.,  Del  Rio,  3  $ . 


Helicopsyche  mexicana  Banks 

Collection  records:  Jeff  Davis  Co.,  V-15-68,  Brook  across  Tex.  118,  10  mi.  N 
Alpine,  many  mature  pupae.  VI-26-69,  Limpia  Canyon,  Fort  Davis,  many  larvae 
and  pupae. 


Helicopsyche  piroa  Ross 

Collection  records:  Blanco  Co.,  VI-21 -66,  Creek  across  U.S.  281,  S  Johnson  City, 
2  pharate  males:  Burnet  Co.,  VI 1-6-68,  Spring-fed  creek  across  U.S.  281,  5  mi. 

5  Burnet,  4$  1  $  .  Comal  Co.,  VIII-12-69,  Comal  Sprgs.,  Landa  Park,  New  Braunfels, 

6  S  ,  many  pupae. 
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ABSTRACT 

Limnological  studies  on  Massey  Lake  were  conducted  from  May,  1967  through 
July,  1969.  The  lake  is  warm  monomictic,  and  is  isothermal  only  during  January 
and  February.  During  stratification  dissolved  oxygen  and  pH  decreased,  while 
carbon  dioxide,  alkalinity,  turbidity,  specific  conductance,  and  dissolved  solids 
increased  with  depth.  All  but  the  upper  two  to  four  meters  of  water  were  anoxyic 
for  most  of  the  year. 

Forty-seven  taxa  of  benthic  macroinvertebrates  were  collected.  Species  diversity 
(d)  decreased  with  depth  to  zero  diversity  at  three  meters.  Chaohorus  punctipennis 
was  the  dominant  benthic  organism,  and  exhibited  a  diurnal  vertical  migration. 
Green  algae  were  dominant  during  colder  months,  while  blue-greens  were  dominant 
during  warm  months.  Daphnia  pulex  and  Killicottia  were  the  most  abundant  zoo¬ 
plankton.  Eighteen  species  of  fishes  were  collected. 

INTRODUCTION 

Limnological  studies  on  Massey  Lake  were  initiated  during  May, 
1967  and  terminated  in  July,  1969.  Although  meander  scar  lakes  are 
numerous  along  the  river  floodplains  of  southeast  Texas  no  studies 
have  been  published  on  their  basic  limnology  (Cole,  1966;  Moore, 
1966).  The  purposes  of  these  studies  were  to  obtain  basic  physico¬ 
chemical  and  biological  data  which  may  be  useful  in  future  manage¬ 
ment.  Recreational  aspects  of  floodplain  lakes  are  increasing  as  the 
larger  reservoirs  become  more  crowded,  and  the  rivers  become  more 
industrialized. 

LOCATION  AND  DESCRIPTION 

Massey  Lake  is  located  approximately  16  km  north  of  Beaumont, 
Texas  at  latitude  30°  17'  north  and  longitude  94°  10'  west  in  Hardin 
County.  The  lake  occupies  a  portion  of  an  abandoned  channel  of  Vil¬ 
lage  Creek,  a  tributary  of  the  Neches  River.  The  lake  is  approximately 
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2  km  east  of  Village  Creek  (Fig.  1 ) .  It  is  1 .25  km  long  and  the  average 
width  is  35  meters.  Depth  is  fairly  uniform,  with  an  average  depth  of 
6  meters  and  a  maximum  depth  of  9  meters.  The  drainage  area  is  ap¬ 
proximately  5  km2.  One  small  intermittent  stream  enters  the  north¬ 
west  end  of  the  lake.  The  lake  terminates  in  a  cypress  swamp  with  a 
substrate  of  coarse  river  sand. 

The  lake  is  completely  surrounded  by  trees  which  contribute  much 
leaf  litter  to  the  lake,  and  shield  the  surface  from  wind  and  direct  sun¬ 
light  for  much  of  the  day.  The  dominant  trees  are  Pinus  taeda  (lob¬ 
lolly  pine),  Magnolia  grandiflora  (magnolia),  and  Fagus  grandifolia 
(beech)  on  the  slopes:  and  Nyssa  sylvatica  (black  gum),  Nyssa  aqua- 
tica  (water  tupelo)  and  Taxodium  distichum  (cypress)  in  the  low 
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GEOLOGIC  SETTING 

The  origin  of  Massey  Lake  is  that  of  an  abandoned  channel  seg¬ 
ment  rather  than  a  simple  neck  cut-off  of  a  meandering  stream.  Topo¬ 
graphic  maps  show  a  complex  swirling  arrangement  of  intersecting 
abandoned  channels  heading  into  the  Village  Creek  floodplain. 

The  upland  area  to  the  north  and  west  which  flanks  the  Village 
Creek  floodplain  is  the  surface  of  the  Pleistocene  Montgomery  forma¬ 
tion  (Bernard  and  LeBlanc,  1965).  Massey  Lake  itself  is  located 
within  the  Deweyville  formation  of  late  Pleistocene  or  early  Recent 
age.  The  surface  of  the  Deweyville  formation  forms  a  low  alluvial 
terrace  flanking  portions  of  the  recent  flood-plains  of  Village  Creek 
and  the  Neches  River.  The  surface  is  characterized  by  relict  channels 
and  oxbow  patterns  with  meanders  of  greater  radii  of  curvature  than 
those  of  the  adjacent  streams.  The  meander  in  which  Massey  Lake 
lies,  as  well  as  channels  confluent  with  it,  is  considerably  larger  than 
those  of  present  day  Village  Creek.  They  are  similar  in  size  to  those  of 
the  Neches  River.  Utilizing  a  commonly  accepted  principle  that  the 
greater  the  discharge  of  a  river,  the  greater  the  radius  of  curvature;  it 
is  assumed  that  Village  Creek  and  the  Neches  River  had  a  much  larger 
discharge  than  at  present. 

Radiocarbon  dates  of  wood  found  in  Deweyville  deposits  range  from 
12,000  to  34.000  years  B.P.  This  places  the  Deweyville  formation 
within  one  or  more  episodes  of  the  continental  ice  advance.  The 
greater  discharge  recorded  by  the  relict  patterns  presumably  resulted 
from  pluvial  precipitation  associated  with  ice  advances.  Thus,  the 
basin  Massey  Lake  occupies  is  of  considerable  antiquity.  Why  this 
portion  of  the  channel  remains  unfilled  cannot  be  answered  without 
subsurface  data  on  adjacent  portions  of  the  channel,  and  sediments 
underlying  the  lake. 

Surface  sand  deposits  of  recent  origin  result  from  local  flooding 
through  the  relict  system.  Local  flooding,  resulting  in  flow  through  the 
lake,  was  observed  on  several  occasions  during  this  study. 

METHODS 

Physico-chemical  data  were  collected  weekly  or  bi-monthly  from 
May,  1967  through  July,  1969.  During  the  first  few  months  of  the 
study  measurements  were  taken  at  2  stations  located  at  opposite  ends 
of  the  lake  (Fig.  1 ) .  Later  station  2  was  omitted  because  the  data  were 
similar  at  both  stations. 

Water  was  collected  at  meter  intervals  from  surface  to  bottom  with 
a  Kemmerer  water  bottle.  Water  temperature  was  measured  with  a 
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Yellowsprings  thermister.  Dissolved  oxygen,  carbon  dioxide,  alka¬ 
linity,  turbidity,  pH,  specific  conductance,  and  total  dissolved  solids 
were  determined  according  to  standard  methods  ( Amer.  Public  Health 
Assoc.,  1965).  Nitrate  plus  nitrite  nitrogen,  phosphates,  iron,  and 
sulfates  were  measured  periodically  by  Hach  Chemical  Company 
methods  (Hach  Chemical  Company,  1968). 

Benthic  macroinvertebrates  were  collected  on  February  13  and  June 
28,  1968.  Four  Ekman  dredge  samples  were  taken  at  meter  depth  in¬ 
tervals  from  the  margin  to  a  depth  of  4  meters.  Four  dredge  samples 
were  also  collected  at  6  meters  and  at  the  bottom  (8  to  9  m).  Benthic 
samples  were  preserved  in  the  field  with  formalin.  In  the  laboratory 
the  samples  were  washed  in  a  #50  U.  S.  standard  soil  seive,  the  or¬ 
ganisms  were  removed,  and  preserved  in  70%  alcohol. 

Species  diversity  (d)  was  determined  by  the  equation  of  Margalef 
(1958),  which  expresses  the  relationship  between  the  number  of  spe¬ 
cies  (s)  and  the  logarithm  of  the  total  number  of  individuals  (N). 


Diurnal  migration  of  Chaoborus  was  studied  on  April  26  and  27, 
1969.  Six  liters  of  water  were  collected,  for  every  meter  of  depth,  with 
a  Kemmerer  water  bottle,  at  2-hour  intervals  during  day  and  3-hour 
intervals  at  night,  for  24  hours.  Each  sample  was  poured  through  a 
#25  mesh  Wisconsin  plankton  net.  The  plankton  were  preserved  with 
70%  alcohol.  Benthic  Chaoborus  were  collected  with  an  Ekman  dredge 
at  meter  intervals  from  margin  to  4  meters,  and  at  6  meters  and  bottom 
to  compare  the  distribution  of  benthic  and  limnetic  Chaoborus. 

Qualitative  collections  of  plankton  and  fishes  were  taken  period¬ 
ically  during  the  study. 

PHYSICO-  CHEMICAL  CONDITIONS 

Temperature:  Massey  Lake  is  a  warm  monomictic  lake  and  mixes 
only  during  the  coldest  part  of  the  year  (Fig.  2).  Thermal  stratifica¬ 
tion  disappeared  in  December  and  became  re-established  in  March 
during  both  years  of  the  study.  Isothermal  profiles  existed  during  De¬ 
cember  and  early  January  of  both  years.  The  average  monthly  surface 
temperature  decreased  from  32°C  in  July  to  10  or  12° C  in  January. 
Bottom  temperature  decreased  only  6°C  during  the  study,  from  14°C  [ 
in  summer  and  early  autumin  to  8  or  10° C  in  January  or  February. 
Maximum  change  in  temperature  with  depth  oscillated  between  2  and 
4  meters  during  the  study.  Generally,  surface  temperature  decreased 
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MONTHS 


Fig.  2.  Isotherms  of  mean  monthly  temperature  for  May,  1967  through  July,  1969  in 
Massey  Lake. 


from  July  to  January,  then  increased  from  February  to  July.  Stratifi¬ 
cation  was  not  the  typical  3 -layer  pattern,  but  rather  a  constant  de¬ 
crease  in  temperature  with  increase  in  depth. 

Dissolved  Oxygen:  Stratification  of  dissolved  oxygen  was  observed 
throughout  the  study  (Fig.  3).  No  concentration  above  1  ppm  was 
found  below  4  meters.  Concentrations  lower  than  3  ppm  occurred  at 
all  depths  during  October,  November,  and  December,  1968  following 
autumn  leaf  fall.  A  fish  kill,  consisting  entirely  of  Dorosoma  cepedia- 
num ,  was  observed  on  November  16,  1968.  The  highest  surface  dis¬ 
solved  oxygen  of  13.5  ppm  occurred  in  February,  1967.  High  oxygen 
concentrations  were  recorded  only  during  algal  blooms. 

The  dissolved  oxygen  deficit  in  deeper  waters  was  caused  by  ther¬ 
mal  stratification  which  cut  off  circulation  and  made  oxygen  replen¬ 
ishment  impossible.  Respiration  of  organisms  and  chemical  oxidation 
of  organic  and  inorganic  materials  also  contributed  to  the  oxygen 
deficit.  Low  oxygen  concentrations  in  surface  waters  was  attributed 
to  breakup  of  thermal  stratification  allowing  anoxyic  water  of  the 
hypolimnion  rich  in  ammonia  and  hydrogen  sulfide  to  reach  the  sur¬ 
face. 

Carbon  Dioxide:  Carbon  dioxide  concentration  always  increased 
with  depth,  exhibiting  an  inverse  relationship  to  dissolved  oxygen 
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Fig.  3.  Vertical  distribution  of  mean  monthly  dissolved  oxygen  for  May,  1967  through 
July,  1969  in  Massey  Lake. 


(Fig.  4).  Surface  concentrations  varied  from  0.9  ppm  in  July,  1969 
during  an  algal  bloom,  to  35  ppm  in  November,  1967  during  a  cold 
front  and  beginning  of  chemical  destratification.  Bottom  concentra¬ 
tions  ranged  from  12  ppm  in  December,  1968  following  destratifica¬ 
tion  to  a  high  of  118  ppm  in  June,  1969.  During  January  and  Feb¬ 
ruary,  the  months  of  turn  over,  surface  and  bottom  concentrations 
were  most  similar  varying  from  2  to  22  ppm.  During  June  and  July, 
the  period  of  maximum  stratification,  carbon  dioxide  variations  from 
surface  to  bottom  often  exceeded  100  ppm.  High  concentrations  were 
associated  with  the  zone  of  active  decomposition.  Lower  concentrations 
in  the  epilimnion  were  due  to  algal  uptake  of  carbon  dioxide  and  de¬ 
crease  in  bacterial  respiration. 

Alkalinity:  Alkalinity  consisted  entirely  of  bicarbonate  and  always 
increased  with  depth,  except  during  January,  1967  during  turnover 
(Fig.  5).  Surface  concentrations  ranged  from  7  ppm  during  Novem¬ 
ber,  1968  after  a  heavy  rain  following  which  a  flow  through  the  lake 
was  observed,  to  24  ppm  during  September,  1968.  Bottom  concentra¬ 
tions  varied  from  12  ppm  during  December,  1967  and  1968  turnovers, 
to  80  ppm  in  November,  1967  just  before  turnover.  The  constant  in¬ 
crease  in  alkalinity  with  depth  may  be  attributed  to  decrease  in  photo¬ 
synthetic  organisms  which  use  carbon  dioxide,  and  an  increase  in  de- 
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Fig.  4.  Vertical  distribution  of  carbon  dioxide  on  Oct.  18,  1968,  and  Jan.  25,  April  26, 
and  July  18,1 969  in  Massey  Lake. 
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Fig.  5.  Vertical  distribution  of  alkalinity  on  Oct.  18,  1968,  and  Jan.  25,  April  26,  and 
July  18,  1969  in  Massey  Lake. 
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Fig.  6.  Vortical  distribution  of  pH  on  Oct.  18,  1968,  and  Jan.  25,  April  26,  and  July  18, 
1969  in  Massey  Lake. 

composition  organisms  which  release  carbon  dioxide  to  combine  with 
monocarbonates  to  form  bicarbonates. 

Hydrogen  Ion  Concentration:  Hydrogen  ion  concentration  varied 
only  slightly  during  the  study  (Fig.  6).  Surface  pH  varied  from  6.0 
during  September,  1967  to  7.2  during  June  and  July,  1967  and  1968. 
Bottom  pH  of  5.7  occurred  in  July,  1969  and  6.9  occurred  during  Oc¬ 
tober  and  November,  1967  just  before  turnover.  Higher  surface  values 
reflect  algal  uptake  of  carbon  dioxide  which  shifted  the  bicarbonate 
buffer  system  toward  the  alkaline  side.  Lower  pH  values  are  associated 
with  abundant  free  carbon  dioxide  caused  by  decomposition  of  leaf 
litter. 

Turbidity  and  Transparency:  Turbidity  increased  with  depth,  ex¬ 
cept  during  destratification  and  extreme  flooding  (Fig.  7).  During 
January,  1968  and  February,  1969  turbidity  decreased  slightly  with 
increase  in  depth  due  to  mixing.  During  April,  1968  and  May,  1969 
surface  values  were  slightly  higher  than  bottom  values  because  of 
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Fig.  7.  Vertical  distribution  of  fyrbidiyt  on  Oct.  18,  1968,  and  Jan.  25,  April  26,  and 
July  18,  1969  in  Massey  La?:e, 

flooding  and  a  flow  of  turbid  water  through  the  lake.  The  largest  sur¬ 
face  to  bottom  variation  occurred  during  November  and  December, 
1967  prior  to  mixing  (166  ppm).  Surface  turbidity  ranged  from  17 
ppm  in  July,  1967  to  78  ppm  in  February,  1968.  Bottom  turbidity 
ranged  from  34  ppm  in  February,  1969  to  193  ppm  in  December,  1967. 

Secchi  disc  transparency  ranged  from  21  cm  during  mixing  (Feb¬ 
ruary,  1969)  to  116  cm  in  November,  1968  just  prior  to  mixing. 

Specific  Conductance  and  Dissolved  Solids:  Specific  conductance 
and  dissolved  solids  increased  with  depth,  except  during  mixing 
(Table  1).  The  largest  variation  in  conductance  occurred  during  No¬ 
vember,  1967  prior  to  mixing  (70  ftmhos/cm).  During  mixing  con¬ 
ductivity  was  similar  or  slightly  decreased  with  increase  in  depth. 
Surface  conductivity  ranged  from  40  /onhos/cm  in  August,  1967  to 
119  jumhos/cm  in  January,  1969.  Bottom  conductivity  ranged  from  68 
fimho's/cm  in  April,  1968  following  a  flood  to  140  wmhos/cm  in  No¬ 
vember,  1967  just  before  mixing. 
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Total  dissolved  solids,  sulfates,  iron,  nitrate  plus  nitrite  nitrogen, 
and  phosphates  all  exhibited  similar  stratification  characteristics  in¬ 
creasing  from  surface  to  bottom,  except  during  destratification  (Table 

D- 

There  was  a  tendency  for  development  of  biogenic  meromixis  in 
Massey  Lake.  This  resulted  from  the  tremendous  amount  of  bacterial 
mineralization,  and  anoxyic  conditions  forming  a  concentrated  layer 
of  water  at  the  bottom  (Hutchinson.  1957).  During  July,  1969  total 
dissolved  solids  increased  from  0.7  mg/1  at  the  surface  to  13.5  mg/1  at 
6  meters,  then  decreased  to  227.5  mg/1  at  the  bottom.  It  is  possible  that 
in  years  of  low  precipitation  and  mild  winters  this  heavy  layer  of 
water  would  persist  from  one  year  to  the  next.  However,  floods 
through  the  lake  and  cold  fronts  that  persist  for  over  a  week  tend  to 
breakup  this  layer. 

BIOTIC  CONDITIONS 

Aquatic  Plants:  The  only  aquatic  plants  observed  were  a  few  scat¬ 
tered  patches  of  Nuphar  advena  along  the  margins,  and  Lemna  minor 
floating  on  the  surface. 

Table  1 

Vertical  distribution  of  dissolved  solids  in  Massey  Lake  during  January  and  July, 
1969. 


Depth 

M 

Total 

dissolved  solids 
mg/1 

Jan.  July 

Jan. 

Iron 

ppm 

July 

Nitrogen 

ppm 

Jan.  July 

Sulfates 

ppm 

Jan.  July 

Phosphates 

ppm 

Jan.  July 

0 

17.4  0.7 

0.91 

1.70 

5.8 

1.0 

12.0 

10 

0.6  0.7 

2 

8.3 

1.35 

0.35 

5.2 

15 

0.1 

4 

19.6  7.2 

1.21 

1.35 

4.8 

12.0 

15 

.  .  0.5 

6 

13.5 

1.95 

3.70 

4.0 

3.0 

17 

0.9 

8  to  9 

18.7  227.5 

2.10 

1.70 

4.1 

3.0 

9.8 

25 

0.6  2.8 

Benthic  Macroinvertebrates:  Collections  were  taken  in  February, 
when  near  isothermal  conditions  existed,  and  aga’n  in  June,  during 
strong  thermal  stratification  (Table  2) . 

Forty-seven  taxa  of  benthic  macroinvertebrates  were  collected 
(Table  3).  Five  taxa  were  not  quantitatively  sampled  and  were  ex¬ 
cluded  from  the  species  diversity  analyses. 

Due  to  anoxyic  conditions  and  possible  high  concentration  of  toxic 
products  of  anaerobic  decay  all  species,  except  Chaoborus  punctipen- 
nis ,  were  restricted  to  the  upper  2  meters  of  depth.  During  February, 
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Table  2 


Vertical  distribution 
benthos. 

of  dissolved 

oxygen  and 

temperature 

during  collection  of 

February  13 

June  28 

Depth 

Temp. 

Oxygen 

Temp. 

Oxygen 

M 

°C 

ppm 

°C 

ppm 

0 

10.5 

12.5 

27.8 

3.2 

1 

10.0 

11.5 

24.0 

3.8 

2 

10.0 

3.4 

20.8 

0.0 

3 

8.5 

2.6 

14.9 

0.0 

4 

8.5 

1.2 

12.0 

0.0 

5 

8.5 

1.1 

11.2 

0.0 

6 

8.5 

1.0 

11.0 

0.0 

7 

8.5 

0.5 

10.6 

0.0 

8 

8.0 

0.5 

10.5 

0.0 

9 

8.0 

0.1 

10.5 

0.0 

the  gill  breathing  snail.  Amnicola  sp.  dominated  the  margin  and  one- 
meter  depth.  In  June  Limnodrilus  udekem  anus  dominated  this  area. 
During  both  collections  the  largest  decrease  in  numbers  of  species  oc¬ 
curred  between  the  one  and  2-meter  depths  correlating  with  the  larg¬ 
est  drop  in  dissolved  oxygen  (Tables  2  and  4).  The  decrease  in  num¬ 
bers  of  species  with  increase  in  numbers  of  individuals  reflected  a 
decrease  in  water  quality  with  depth. 

Transition  from  a  littoral  to  a  profundal  fauna  was  noted  by  the 
dominance  of  chironomid  larvae  and  Dero  digitata  at  2  meters  :n 
February;  and  the  abundance  of  oligochaetes  and  leeches  at  one  meter 
in  June.  Chaohorus  punctipennis  was  collected  at  all  depths  except  the 
margin,  but  were  most  abundant  in  the  deeper  anoxyic  waters.  Chao- 
borus  formed  86%  of  the  total  number  of  individuals  in  February,  and 
89%  in  June.  The  lower  total  number  of  Chaoborus  in  June  can  be  at¬ 
tributed  to  emergence  that  occurred  in  April  and  May. 

Species  diversity  (d)  decreased  from  2.07  at  the  margin  to  0  at  3 
meters  in  February,  with  a  total  diversity  of  2.43  (Table  4).  During 
June  diversity  decreased  from  4.09  at  the  margin  to  0  at  3  meters. 
Total  diversity  was  3.43.  The  lower  diversity  for  the  shallow  depths  in 
February  may  be  related  to  a  larger  area  with  better  environmental 
quality.  This  allowed  the  organisms  to  spread  out.  thus  decreasing 
sampling  efficiency. 

Diurnal  Migration  of  Chaoborus :  Diurnal  vertical  migration  of 
Chaoborus  larvae  has  been  reported  by  many  investigators  (e.g.. 
Juday,  1904;  Wood,  1965;  Roth,  1968).  Chaoborus  punctipennis  ex¬ 
hibited  diurnal  vertical  migration  in  Massey  Lake  (Figure  8).  Al- 
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Table  3 


Benthic  Macroinvertebrates  of  Massey  Lake,  organisms  not  qualitatively  sampled 
are  indicated  to  be  present  by  the  letter  P. 


Porifera 

Spongilla  ingloviformis 
Cnidaria 
Hydra  sp. 
Platyhelminthes 

Dugesia  dorotocephala 
Nemertea 

Prostoma  rubrum 
Nematoda 
Ectoprocta 

Plumatella  repens 
Oligochaeta 

Chaetogaster  diaphanus 
Dero  digitata 
Limnodrilus  udekemianus 
L.  hoffmeisteri 
T ubifex  sp. 

Eclipidrilus  sp. 

Hirudinea 

Glossiphonia  heteroclita 
Dina  lateralis 
Helobdella  stagnalis 
H.  fusca 

Placobdella  rugosa 
I llinobdella  sp. 
Piscicolaria  reducta 
Crustacea 
Licerus  sp. 

Hyalella  azteca 
Synurella  bifurca 
Palaemonetes  kadiakensis 
Camberellus  puer 
Odonata 

Coengrionidae 
Gomphus  sp. 
Brechmorrhoga  mendax 
Macrothemis  sp. 
Hemiptera 

T richocorixa  sp. 
Coleoptera 
Peltodytes  sp. 

Laccophilus  sp. 

Stenelmis  sp. 

Dineutus  sp. 


Date 

Feb.  13,  1968  June  28,  1968 


P  — 

P  — 

3  2 

—  1 

—  1 

P  — 

1  — 

32  4 

355 

—  1 

—  1 

1  3 

4  2 

—  1 

1  14 

—  4 

—  1 

—  1 

—  1 


4 

2 

P 


4 

3 

4 

1 

3 


1 

2 

7 

1 

1 


3 

1 
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Diptera 

Chaoborus  punctipennis  5080 

Chironomus  ( Cryptochironomus )  sp. 

C.  ( Endochironomus )  sp.  — 

C.  ( Kiefferulus )  sp.  79 

Glyptotendipes  sp.  1 8 

Paocladius  sp.  2 

Chrysops  sp.  1 

Gastropoda 

Amnicola  sp.  595 

Ferrissia  tarda  29 

Cochliopa  texana  8 

Campeloma  sp.  P 

Physa  halei  — 

Pelecypoda 

Musculium  sp.  3 

Anodonta  sp.  P 


4153 

1 

2 

1 


48 

23 

9 

9 


Table  4 

Species  Diversity  of  Benthic  Macroinvertebrates  in  Massey  Lake,  1968. 


Depth 

No. 

spp. 

Feb.  13,  1968 

No.  Species 

indiv.  diversity  (d) 

No. 

spp. 

June  28,  1968 

No.  Species 

indiv.  diversity  (d) 

Margin 

14 

538 

2.07 

26 

451 

4.09 

1 

12 

218 

2.04 

12 

86 

2.47 

2 

7 

56 

1.53 

2 

164 

0.20 

3 

1 

127 

0.00 

1 

854 

0.00 

4 

1 

526 

0.00 

1 

968 

0.00 

6 

1 

2605 

0.00 

1 

1248 

0.00 

8  to  9 

1 

1808 

0.00 

1 

883 

0.00 

Total  spp  .  . 

22 

30 

Total  indiv.  .  . 

.  5878 

....  4654 

Total  species  diversity  (d)  . 

.  2,42 

.  .  .  .  3.43 

Table  5 


Comparison  of  Benthic  and  Limnetic  Chaoborus  at  11:00'  hours,  April,  1969. 


Depth 

M 

Larvae 

Benthic 

No./m2 

Pupae 

Limnetic 

No./6  liters 

Larvae  Pupae 

1 

26 

32 

1 

0 

2 

538 

506 

7 

0 

3 

3558 

474 

14 

0 

4 

6189 

323 

13 

0 

6 

9590 

850 

9 

0 

8  to  9 

7792 

248 

6 

0 
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Table  6 

Plankton  identified  from  Massey  Lake. 


Chlorophyta 

Cyanophyta 

Rhizosolenia 

Coelosphaerium 

Zygnemopsis 

Anabaena 

Chlorococcum 

Nostoc 

A  nkistrodesmus 

Microcystis 

Protococcus 

Oscillatoria 

Closterium 

Euglenophyta 

Chrysophyta 

Euglena 

Synedra 

Phacus 

Asterionella 

Navicula 

Fragilaria 

Rotifera 

Cladocera 

Kellicottia 

Daphnia  pulex 

Keratella 

Asplanchna 

Polyarthra 

Filina 

Table  7 

Fishes  collected  in  Massey  Lake. 

Bowfin 

Ami  a  calva 

Longnose  Gar 

Lepisosteus  osseus 

Spotted  Gar 

L .  productus 

Gizzard  Shad 

Dorosorna  cepedianum 

Mud  Pickerel 

Esox  vermiculatus 

Black  Bullhead 

Ictalurus  melas 

Madtom 

No  turns  gyrinus 

Backstripe  Topminnow 

Fundulus  notatus 

Blackspotted  Topminnow 

F.  olivaceous 

Mosquito  fish 

Gambusia  affinis 

Pigmy  Sunfish 

Elassoma  zonatum 

Largemouth  Bass 

Micropterus  salmoides 

Flier 

Centrarchus  macropterus 

Black  Crappie 

Pomoxis  nigromaculatus 

Green  Sunfish 

Lepomis  cyanellus 

Bluegill  Sunfish 

L.  macrochirus 

Warmouth 

Chaenobryttus  coronarius 

Swamp  darter 

Etheo stoma  gracile 
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Fig.  8.  Diurnal  vertical  migration  of  Chaoborus  punctipennis  in  Massey  Lake  on  April  26 
and  27,  1969. 


though  some  larvae  were  collected  at  all  depths,  except  the  surface, 
during  each  collection  period,  the  highest  density  migrated  downward 
as  light  intensity  increased,  then  moved  toward  the  surface  as  light 
intensity  decreased.  At  15:00  hours  the  highest  density  was  found  at 
5  meters,  and  at  22:00  the  highest  density  was  at  one  meter.  LaRow 
(1968),  from  controlled  laboratory  experiments,  concluded  that  light 
was  the  essential  stimulus,  but  that  light  may  modify  some  environ¬ 
mental  factor  as  to  become  the  necessary  stimulus. 

The  4  larval  instars  of  Chaoborus  differ  in  their  migratory  behavior 
(Teraguchi  and  Northcote,  1966).  The  first  2  instars  are  entirely 
limnetic.  The  3rd  and  4th  instars  are  reported  to  be  limnetic  by  day 
and  benthic  by  night. 

In  Massey  Lake,  at  11:00  hours  many  more  benthic  Chaoborus  were 
found  at  all  depths  than  in  the  water  column  (Table  5).  The  mean 
larval  lengths  of  benthic  chaoborus  was  9  mm,  as  compared  to  6  mm 
for  limnetic  forms.  Pupae  were  present  at  all  depths,  except  the  mar¬ 
gin,  in  benthic  samples.  Maximum  density  of  benthic  Chaoborus  was 
at  6  meters  (1044/M2),  and  at  5  meters  for  limnetic  forms  (20/6 
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liters).  Sampling  of  benthic  forms  was  probably  more  efficient  than 
limnetic  sampling.  The  descending  Kemmerer  may  have  created 
turbulence  which  allowed  some  larvae  to  avoid  capture. 

Although  more  data  is  needed  for  verification,  it  is  probable  that 
vertical  migration  of  3rd  and  4th  instar  larvae  and  pupae  is  entirely 
benthic. 

Plankton:  Green  algae  and  desmids  were  dominant  during  colder 
months,  following  mixing  (Table  6) .  Blue-greens  were  dominant  dur¬ 
ing  warmer  months.  Diatoms  were  always  present  in  small  numbers, 
but  were  most  abundant  in  winter  following  mixing. 

The  most  abundant  zooplankton  were  Daphnia  pulex  and  Kellicot¬ 
tia.  Extremely  large  numbers  of  Daphnia  were  found  during  midsum¬ 
mer,  and  during  mixing.  Kellicottia  was  common  throughout  the  year. 

Fishes:  Qualitative  collections  of  fishes  were  taken  periodically  with 
minnow  seines,  gill  nets,  and  by  hand  fishing.  Eighteen  species  were 
collected  (Table  7) .  The  only  species  represented  by  a  suitable  fishing 
population  were  Pomoxis  nigromaculatus  and  Ictalurus  melas.  Amia 
calva  and  both  Lepisosteus  sp.  were  very  common.  A  large  population 
of  Elassoma  zonatum  was  present,  and  they  were  often  collected  in 
Ekman  dredge  samples. 

SUMMARY 

1 .  Massey  Lake  is  a  warm  monomictic  lake,  and  is  isothermal  only 
during  January  and  February. 

2.  During  stratification  dissolved  oxygen  and  pH  decreased  with 
depth,  while  carbon  dioxide,  alkalinity,  turbidity,  specific  conduc¬ 
tance,  and  dissolved  solids  increased  with  depth. 

3.  All  but  the  upper  2  to  4  meters  of  water  are  anoxyic  for  most  of 
the  year. 

4.  Only  2  species  of  aquatic  vascular  plants  were  observed. 

5.  Forty-seven  taxa  of  benthic  macroinvertebrates  were  collected. 
Chaoborus  punctipennis  was  the  dominant  benthic  forming  over  85% 
of  the  total  number  of  individuals.  Species  diversity  (d)  decreased 
with  depth  to  zero  at  3  meters. 

6.  Chaoborus  exhibited  vertical  migration  moving  down  as  light  in¬ 
tensity  increased,  and  toward  the  surface  as  light  intensity  decreased. 

7.  Green  algae  were  dominant  during  colder  months,  while  blue- 
greens  were  dominant  during  warm  months. 

r.  Daphnia  pulex  and  Kellicottia  were  the  most  abundant  zooplank¬ 
ton. 

9.  Eighteen  species  of  fishes  were  collected. 


LIMNOLOGICAL  STUDIES  ON  A  TEXAS  MEANDER  SCAR  LAKE 


533 


ACKNOWLEDGMENT 

The  writer  is  grateful  to  Dr.  Saul  Aronaw,  Department  of  Geology, 

Lamar  University  for  geologic  information,  and  to  the  following 
former  students  for  aid  in  collection  and  analysis:  Elizabeth  A.  Harri¬ 
son,  Lewis  E.  Knight,  Larry  W.  McCann,  Ernest  E.  Patrick,  and 
Leonard  F.  Sayers. 

LITERATURE  CITED 

American  Public  Health  Association,  1965 — Standard  Methods  for  the  Examination 
of  Water  and  Waste  Water.  12th  Ed.,  Amer.  Publ.  Health  Assoc.,  New  York. 

Bernard,  H.  A.  and  R.  J.  LeBlanc,  1965 — Quaternary  geology  of  the  North-Gulf  of 
Mexico,  pp.  137-185.  In  H.  E.  Wright  and  D.  G.  Frey  (Ed.)  The  Quaternary 
of  the  United  States.  Princeton  Univ.  Press,  Princeton,  N.  J. 

Cole,  G.  A.,  1966 — The  American  southwest  and  middle  America,  pp.  393-434. 
In  D.  G.  Frey  (Ed.)  Limnology  of  North  America.  Univ.  Wise.  Press,  Madison. 

Hach  Chemical  Company,  1968 — Water  and  Sewage  Analysis  Procedures.  Hach 
Chemical  Company.  Ames,  Iowa. 

Hutchinson,  G.  E.,  1957 — A  Treatise  on  Limnology.  Yol.  1.  Geography,  physics 
and  chemistry.  John  Wiley  &  Sons,  Inc.,  New  York. 

Juday,  C.,  1901 — The  diurnal  movements  of  plankton  Crustacea.  Trans.  Wise.  Acad. 
Sci. ,  14:  535-568. 

LaRow,  E.  J.,  1968 — A  persistent  diurnal  rhythm  in  Chaoborus  larvae.  I.  The  nature 
of  the  rhythmicity.  Limnol.  Oceanog.,  13:  250-256. 

Margalef,  R.,  1958 — Temporal  succession  and  spatial  heterogeneity  in  phytoplank¬ 
ton.  pp.  323-349.  In  A.  A.  Buzzati-Tra verso  (Ed.)  Perspectives  in  Marine 
Biology.  Univ.  Calif.  Press,  Berkeley. 

Moore,  W.  G.,  1966 — Central  and  gulf  states  and  the  Mississippi  embayment.  pp. 
287-300.  In  D.  G.  Frey  (Ed.)  Limnology  in  North  America.  Univ.  Wise.  Press, 
Madison. 

Roth,  J.  C.,  1968 — Benthic  and  limnetic  distribution  of  three  Chaoborus  species  in  a 
Michigan  lake  (Diptera,  Chaoboridae).  Limnol.  Oceanog .,  13  :  242-249. 

Teraguchi,  M.  and  T.  G.  Northcote,  1966 — Vertical  distribution  and  migration  of 
Chaoborus  flavicans  larvae  in  Corbett  Lake,  British  Columbia.  Limnol.  Oceanog ., 
11:  164-176. 

Wood,  K.  G.,  1956 — Ecology  of  Chaoborus  (Diptera:  Culicidae)  in  an  Ontario  lake. 
Ecology ,  37:  639-643. 

Accepted  for  publication:  May  15,  1972. 


. 


. 


Woody  Vegetation  of  a  Palmetto  { Sabal  minor  (Jacq, ) 

Pets.}  Area  in  East  Texas 

by  E.  S.  NIXON,  L.  F.  CHAMBLESS  and 
J.  L.  MALLOY 

Department  of  Biology ,  Stephen  F.  Austin 

State  University,  Nacogdoches  75961 

ABSTRACT 

The  woody  vegetation  of  a  palmetto  ( Sabal  minor  (Jacq.)  Pers.)  area  in  east 
Texas,  located  within  the  confines  of  the  Steinhagen  Reservoir  near  the  Neches 
River,  was  analyzed  by  the  plot  method.  Located  within  the  study  area  was  a 
fraction  which  exhibited  a  slightly  higher  elevation  and,  as  a  result,  a  comparison 
was  made  of  the  vegetation  of  elevated  and  unelevated  areas  in  addition  to  analyzing 
the  vegetation  of  the  area  as  a  whole. 

Based  on  importance  values,  Crataegus  Marshallii  EggL,  Ilex  decidua  Walt., 
Crataegus  spathulata  Michx.,  Quercus  phellos  L.,  and  Ulmus  crassifolia  Nutt,  domi¬ 
nated  the  unelevated  area  whereas  Carpinus  caroliniana  Walt.,  Ilex  decidua,  Cra¬ 
taegus  Marshallii,  Quercus  nigra  L.,  and  Nyssa  sylvatica  Marsh,  dominated  the 
elevated  sites.  When  analyzing  the  area  as  a  whole,  Ilex  decidua,  Crataegus 
Marshallii,  Quercus  phellos,  and  Carpinus  caroliniana  emerged  as  dominants. 

INTRODUCTION 

The  bottomland  vegetation  of  east  Texas  is  generally  characterized 
by  being  composed  primarily  of  hardwood  trees  and  by  being  located 
in  flood  plains  along  major  rivers.  Due  to  slight  differences  in  eleva¬ 
tion,  flooding  is  variable  and  the  accompanying  environmental 
changes  result  in  a  mosaic  vegetational  pattern,  sometimes  subtle  and 
at  other  times  quite  contrasting. 

Within  the  confines  of  the  Steinhagen  Reservoir  (Dam  B  Reservoir) 
are  some  4,000  acres  of  public  fee  land  located  between  the  Neches 
and  Angelina  Rivers.  Several  interesting  biotic  communities  are  repre¬ 
sented  within  this  area  including  a  palmetto  flat  dominated  by  dwarf 
palmetto  [Sabal  minor  (Jacq.)  Pers.]  and  hardwood  trees.  Due  to  the 
uniqueness  of  this  area  and  the  fact  that  palmetto  areas  in  association 
with  bottomland  vegetation  of  east  Texas  have  not  been  charcterized 
to  any  great  extent,  a  woody  vegetational  analysis  of  this  area  was 
made.  The  study  was  initiated  and  completed  during  1970. 

The  study  site  is  situated  within  Tharp’s  (1939)  Long-Leaf  Pine 
region  and  Braun’s  (1950)  Southern  Evergreen  Forest  region.  Bray 
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(1906)  indicated  that  the  forest  area  of  east  Texas  is  a  continuation 
of  the  woodlands  characteristic  of  the  South  Atlantic  Gulf  States  and 
then  divided  the  east  Texas  forest  into  local  vegetational  types.  Our 
study  area  would  geographically  be  within  Bray’s  Bottomland  Forests 
but  environmentally  might  better  exemplify  his  Swamp  and  Bayou 
Forest. 

Description  of  the  Study  Area 

The  palmetto  area  was  located  about  *4  mile  east  from  the  Neches 
River  and  was  composed  of  some  200-300  acres.  Elevation  is  below 
1 00  feet  and  the  topography  generally  flat.  Only  the  northern  portion 
of  the  palmetto  area  was  analyzed.  Included  within  this  study  area 
was  a  fraction  which  exhibited  a  slightly  (1-4  ft.)  higher  elevation 
and  a  corresponding  physiognomic  and  compositional  change  in  vege¬ 
tation  even  though  palmettos  extended  into  this  area.  In  addition,  this 
slightly  upland  area  was  transected  by  sloughs  resulting  in  additional 
changes  in  plant  composition.  This  slightly  elevated  fraction  is  re¬ 
ferred  to  in  this  study  as  the  elevated  area  and  the  lower  flat  fraction  as 
the  unelevated  area. 

The  general  area  has  been  subjected  to  several  selective  timber  cuts, 
the  last  one  18  years  ago.  However,  it  is  doubtful  the  palmetto  study 
site  ever  contained  operable  volume  of  merchantable  timber.  Grazing 
by  cattle  and  hogs  has  continued  to  the  present. 

METHODS  AND  PROCEDURES 

The  vegetation  was  analyzed  by  the  plot  method.  Each  plot  was  5 
M2  and  situated  in  a  belt  transect.  Transects  extended  in  an  east-west 
direction  and  were  30M  apart.  They  extended  through  both  elevated 
and  unelevated  areas  within  the  study  site  with  490  plots  analyzed 
in  the  elevated  portion  and  510  in  the  unelevated  portion.  Dominance, 
density,  frequency,  and  importance  value  data  were  obtained,  where 
applicable,  for  trees,  shrubs,  and  palmettos  in  elevated  and  unelevated 
areas  and  for  the  study  area  as  a  whole.  Nomenclature  for  plant  species 
followed  that  of  Correll  and  Johnston  (1970) . 

RESULTS 

Soil 

As  a  result  of  the  rather  flat  topography  of  the  study  area  and  the 
presence  of  subtle  and  at  times  more  pronounced  depressions  water 
would  tend  to  accumulate.  In  addition,  downward  movement  of  water 
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into  the  soil  was  slow,  resulting  in  the  presence  of  water  for  prolonged 
periods  of  time.  The  textural  class  of  the  soil  was  a  loam  with  some 
variation  in  particle  size  between  upland  and  lowland  soils  (Table  1 ) . 
Organic  matter  content  was  high.  Soil  chemical  data  indicated  that  the 
soils  were  strongly  acid  and  contained  favorable  levels  of  the  analyzed 
exchangeable  ions  with  the  exception  of  phosphorous. 

Table  1 


Comparison  of  elevated  and  unelevated  soils. 


Area 

Particle  size  (%) 

Sand  Silt  Clay 

Text. 

class  pH 

Exchangeable  ions 

Ca  P  K 

(lbs/A) 

Mg 

Organic 

matter 

(percent) 

Unelevated 

38  43 

16 

Loam  5.1 

644 

12  96 

370 

2.7 

Elevated 

36  26 

38 

Loam  4.8 

840 

14  216 

640 

2.9 

Table  2 

A  comparison  of  the  frequency  and  density  of  palmetto  ( Sabal  ; 

minor )  in  the  ele- 

vated  and  unelevated  areas. 

Species 

Frequency  (%) 
Elevated  Unelevated 

Density  (No. /plot) 

Elevated  Unelevated 

Sabal  minor 

90.4 

97.8 

7.4 

15.6 

Woody  vegetation 

Dwarf  palmetto  was  distributed  throughout  the  study  area  although 
it  had  a  greater  density  and  frequency  in  the  unelevated  area  (Table 
2).  There  were  7,964  plants  with  an  average  of  15.6  plants  per  plot 
in  the  unelevated  area  as  compared  to  3,638  plants  and  an  average  of 
7.4  per  plot  in  the  elevated  portion.  There  was  a  significant  difference 
in  total  number  of  woody  species  since  the  elevated  area  contained  37 
species  and  the  unelevated  26. 

Unelevated  area 

The  flat  unelevated  area  generally  exhibited  a  3-layered  structure 
with  Sabal  minor  dominating  the  lower  layer,  parsley  hawthorn 
0 Crataegus  Marshallii  Eggl. ) ,  possum-haw  holly  (Ilex  decidua  Walt. ) , 
pasture  haw  ( Cretaegus  spathulata  Michx.),  and  blueberry  hawthorn 
(Crataegus  brachyacantha  Sarg.  and  Engelm.)  dominating  the  mid¬ 
layer  and  willow  oak  (Quercus  phellos  L.),  cedar  elm  (Ulmus  eras - 
sifolia  Nutt.),  and  bottomland  post  oak  (Quercus  similis  Ashe)  domi- 
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nating  the  upper  layer  (Table  3).  Dominance  in  this  study  is  based 
upon  importance  value. 

The  hawthorns  were  generally  uniform  in  height  and  distribution 
even  though  Crataegus  spathulata  reached  diameters  to  48  cm.  Cra¬ 
taegus  Marshallii ,  C.  brachyacantha ,  and  Ilex  decidua  plants  were  al¬ 
most  entirely  in  the  size  class  1-10  cm.  Tall  trees  of  Quercus  phellos , 
Q.  similis,  Ulmus  crassifolia  and  Fraxinus  spp.  were  scattered  through¬ 
out  and  exhibited  diameters  up  to  66  cm. 


Elevated  Area 

Layering  in  the  diversified  elevated  area  was  more  tenuous.  Sabal 
minor  and  Sebastian  bush  {Sebastiana  fruticosa  (Bartr.)  Fern.)  domi¬ 
nated  the  lower  layer  whereas  the  mid-layer  was  dominated  by  Amer¬ 
ican  hornbeam  ( Carpinus  caroliniana  Walt.),  Ilex  decidua ,  Crataegus 
Marshallii ,  and  winged  elm  ( Ulmus  alata  Michx.)  (Table  3).  Ninty- 
five  percent  of  the  stems  of  these  species  were  in  the  size  class  1-10  cm. 

Table  3 

Comparison  of  importance  values*  of  dominant  species  in  the  elevated  and  unele¬ 
vated  areas  and  in  the  study  area  as  a  whole. 


Speciesf 

Elevated 

Unelevated 

Elevated 
and  unelevated 

Carpinus  caroliniana 

48.2 

0.7 

26.6 

Crataegus  brachyacantha 

5.1 

25.0 

14.0 

Crataegus  Marshallii 

24.9 

49.0 

35.9 

Crataegus  spathulata 

5.3 

33.6 

17.3 

Fraxinus  caroliniana 

2.3 

15.2 

8.2 

Fraxinus  spp.J 

6.7 

12.3 

9.1 

Ilex  decidua 

35.4 

45.7 

40.0 

Liquidambar  styraciflua 

12.6 

0.3 

7.3 

Nyssa  sylvatica 

14.7 

0.0 

8.3 

Quercus  nigra 

35.4 

0.0 

20.5 

Quercus  phellos 

22.9 

47.4 

33.1 

Quercus  similis 

11.3 

12.5 

11.8 

U Imus  alata 

13.0 

2.4 

8.2 

Ulmus  crassifolia 

7.8 

35.2 

19.6 

*  Importance  value  is  equal  to  the  sum  of  relative  frequency,  relative  density  and  relative  dominance, 
f  Other  species  recorded  in  plots  and  designated  as  present  in  unelevated  (U),  elevated  (E),  or  both 
elevated  and  unelevated  (EU)  areas:  Acer  rubrum  L.  (E),  Amorpha  fruticosa  L.  (E),  Baccharis  halimi- 
folia  L.  (U),  Bumelia  lycioides  (U),  Callicarpa  americana  L.  (E),  Carya  aquatica  (E),  Carya  cordiformis 
(E),  Carya  ovata  (Mill.)  K.  Koch  (EU),  Celtis  laevigata  Willd.  (U),  Cornus  foemina  Mill.  (EU), 
Crataegus  opaca  H.  and  A.  (EU),  Diospyros  virginiana  L.  (EU),  Gleditsia  triacanthos  L.  (EU),  Haleisa 
diptera  (E),  Ilex  opaca  Ait.  (EU),  Morus  rubra  L.  (E),  Planera  aquatica  (E),  Quercus  falcata  (E), 
Quercus  lyrata  (EU),  Quercus  prinus  (E),  Sebastiana  fruticosa  (E),  Styrax  americana  Lam.  (EU), 
Symplocos  tinctoria  (L.)  L'Her  (E),  Ulmus  americana  L.  (EU),  Vaccinium  arboreum  Marsh.  (EU). 

X  Because  fruits  and  twigs  were  inaccessible  for  many  Fraxinus  plants,  they  were  grouped  as  Fraxinus 
spp.  This  group,  therefore,  may  contain  some  Fraxinus  caroliniana  Mill,  plants. 
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Water  oak  ( Quercus  nigra  L.),  Quercus  p hellos,  black  gum  ( Nyssa 
sylvatica  Marsh.)  and  sweetgum  (Liquidambar  styraciflua  L.)  domi¬ 
nated  the  upper  layer.  The  largest  tree  in  the  elevated  study  area  was 
a  chestnut  oak  ( Quercus  prinus  L.)  measuring  111  cm  in  diameter. 
It  is  interesting  to  note  the  restricted  distributional  patterns  of  water 
hickory  (Cary a  aquatica  (Michx.  f.)  Nutt.),  bitternut  hickory  (C. 
cordiform's  (Wang.)  K.  Koch),  and  water  elm  (Planer a  aquatica 
(Walt.)  J.  F.  Gmel.)  along  the  sloughs  of  the  elevated  area. 

Comparison  of  Unelevated  and  Elevated  Areas 

Of  the  26  woody  unelevated  area  species,  3  were  present  only  in  the 
unelevated  portion  (Table  3).  These  species,  with  the  possible  excep¬ 
tion  of  Bumelia  lycioides  (L.)  Pers.,  have  been  observed  on  more  ele¬ 
vated  sites.  The  extended  distributional  patterns  of  the  unelevated  area 
species  indicated,  to  one  degree  or  another,  a  tolerance  for  the  elevated 
area  and  the  corresponding  environmental  conditions.  In  contrast,  the 
elevated  area  contained  14  of  37  species  which  were  distributed  only  in 
the  elevated  area.  Most  of  these  14  species  appeared  to  have  a  more 
narrow  ecological  amplitude  for  the  prevailing  habitat  conditions  of 
the  study  area  since  they  had  not  invaded  the  unelevated  area.  In  ad¬ 
dition,  they  are  not  generally  associated  with  the  lower  elevated  and 
more  poorly  drained  soils  of  the  bottomland  areas  of  east  Texas.  The 
more  prevalent  of  these  species  were  Quercus  nigra ,  Nyssa  sylvatica , 
southern  red  oak  (Quercus  falcata  Michx.),  loblolly  pine  (Pinus  taeda 
L.)  and  snowdrop-tree  (Halesia  diptera  Ellis) . 

Analysis  of  Entire  Study  Area 

When  disregarding  the  elevated  and  unelevated  areas  and  studying 
the  area  as  a  whole,  Ilex  decidua ,  Crataegus  Marshallii ,  Quercus  phel- 
los,  and  Car  pinus  caroliniana  emerge  as  dominants  (Table  3).  All  of 
the  dominant  species  in  both  elevated  and  unelevated  areas  were  well 
represented  by  seedlings  (dbh  less  than  1  cm)  and  small  trees. 

DISCUSSION 

The  major  rivers  in  eastern  Texas,  especially  as  they  proceed  south¬ 
ward,  are  characterized  by  extensive  regions  of  bottomland  hardwood 
forests.  The  topography  is  generally  uniform  but  wet  depressions  and 
sloughs  are  common  and  are  generally  distinguished  by  the  presence 
of  aquatic  trees  such  as  Nyssa  aquatica  L.  (tupelo),  and  Taxodium 
distichum  (L.)  Rich,  (bald  cypress).  In  moist,  but  more  elevated  flats, 
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it  is  not  uncommon  to  observe  populations  of  Sabal  minor  (dwarf  pal¬ 
metto)  in  association  with  hardwood  trees.  Bray  (1906)  briefly  dis¬ 
cussed  the  occurrence  of  palmetto  on  wet  forest  flats  in  eastern  Texas 
and  indicated  that  palmetto  plants  in  some  areas  covered  many  acres. 
The  palmetto  flat  analyzed  in  this  study  was  extensive  although  only 
a  representative  portion  was  analyzed. 

The  affinity  of  Sabal  minor  to  a  moist  environment  was  evidenced 
by  the  15.6  plants  per  plot  recorded  in  the  more  moist,  unelevated 
areas  of  this  study  as  opposed  to  7.4  plants  per  plot  in  the  dryer,  ele¬ 
vated  sites. 

When  bottomland  forests  of  eastern  Texas  are  discussed,  species 
such  as  Taxodium  distichum ,  Nyssa  aquatica ,  Quercus  lyrata  Walt, 
(overcup  oak),  Q.  phellos  (willow  oak),  Q.  nigra  (water  oak),  Q. 
prinus  (chestnut  oak),  Liquidambar  sytraciflua  (sweetgum),  Ulmus 
crassifolia  (cedar  elm),  and  Fraxinus  pensylvanica  Marsh,  (green 
ash)  are  generally  mentioned  as  being  dominant  (Bray,  1906;  Braun. 
1950;  Chambless,  1971).  The  palmetto  area  of  this  study  is  somewhat 
unique  in  that  Ilex  decidua  (possum  haw  holly),  Crataegus  Marshal- 
lii  (parsley  hawthorn),  Quercus  phellos  and  Carpinus  caroliniana 
(American  hornbeam)  were  dominant.  Chambless  (1971)  listed  all  of 
the  above  with  the  exception  of  Crataegus  Marshallii  as  being  among 
the  dominants  in  a  bottomland  area  of  the  Angelina  Biver  in  Nacog¬ 
doches  County.  Other  dominants  in  the  palmetto  area  included  Cra¬ 
taegus  spathulata  (pasture  haw),  Ulmus  crassifolia  and  Quercus 
nigra.  Both  Ulmus  crassifolia  (Braun,  1950)  and  Quercus  nigra 
(Tharp,  1939)  are  listed  as  bottomland  species  although  Q.  nigra  ap¬ 
pears  to  be  restricted  to  more  elevated  sites  (Chambless,  1971). 

The  presence  of  elevated  areas  within  the  palmetto  flat,  has  resulted 
in  variable  distributional  patterns  of  tree  and  shrub  species.  Carpinus 
caroliniana ,  Quercus  nigra ,  and  Ilex  decidua  were  dominant  in  ele¬ 
vated  areas  whereas  Crataegus  Marshallii ,  Quercus  phellos ,  and  Ilex 
decidua  dominated  unelevated  sites.  Most  species  on  unelevated  sites 
were  also  present  on  elevated  areas.  There  were,  however,  several  spe¬ 
cies  on  elevated  areas  that  did  not  appear  to  be  able  to  withstand  the 
rigorous  selective  pressures  of  the  wet  unelevated  sites  including  such 
species  as  Quercus  nigra ,  Nyssa  sylvatica  (black  gum)  and  Pinus 
taeda.  These  results  correlate  closely  with  those  of  Chambless  (1971) 
in  that  he  found  these  same  species  to  be  most  prevalent  on  more  ele¬ 
vated  sites. 

It  is  interesting  to  compare  the  vegetation  of  the  palmetto  flat  near 
the  Neches  River  with  portions  of  the  vegetation  of  Palmetto  State 
Park  near  Ottine.  Texas.  Although  Palmetto  State  Park  is  in  south- 
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central  Texas  and  is  located  within  the  Post  Oak  Savannah  vegeta  - 
tional  area  of  Gould  (1969),  much  of  the  vegetation  is  typical  of  the 
marshes  found  in  the  river  bottoms  of  eastern  Texas  (Bogusch,  1928) . 
Bogusch  found  32  species  of  plants  that  have  disjunct  populations  to 
the  east  including  such  species  as  Quercus  nigra ,  Ilex  decidua ?  Ulmus 
crassifolia  and  Sabal  minor  which  were  all  dominant  species  in  the 
Neches  River  study  area. 

ACKNOWLEDGMENT 

Appreciation  is  extended  to  Daniel  W.  Lay,  Biologist,  Texas  Parks 
and  Wildlife  Department,  for  information  and  suggestions  and  to 
Quita  Jones  for  aid  in  working  up  data. 

Recognition  is  due  the  U.  S.  Corps  of  Engineers  whose  administra¬ 
tion  of  the  study  area  has  preserved  the  unique  undisturbed  natural 
forest. 

LITERATURE  CITED 

Bogusch,  E.  R.,  1928 — Composition  and  seasonal  aspects  of  the  Gonzales  County 
marsh  associes.  Masters  Thesis,  University  of  Texas,  Austin. 

Braun,  E.  L,,  1950 — Deciduous  Forests  of  Eastern  North  America.  The  Blakiston 
Company,  Philadelphia. 

Bray,  W.  L.,  1906 — Distribution  and  adaptation  of  the  vegetation  of  Texas.  Bull. 
Univ.  Texas ,  No.  82. 

Chambless,  L.  F ..  1971 — The  woody  vegetation  of  the  Angelina  River  bottom  of 
Nacogdoches  County,-  Texas.  Masters  Thesis.  Stephen  F.  Austin  State  Uni¬ 
versity,  Nacogdoches,  Texas. 

Correll,  D.  S.  and  M.  C.  Johnston,  1970— Manual  of  the  Vascular  Plants  of  Texas. 
Texas  Research  Foundation,  Renner,  Texas. 

Gould,  F.  W.,  1969 — Texas  plants — a  checklist  and  ecological  summary.  Tex.  Agr . 
Exp.  Stat .  Bull,  No.  MP-585. 

Tharp,  B.  C.,  1939 —The  Vegetation  of  Texas.  The  Anson  Jones  Press,  Houston, 
Texas. 


Accepted  for  publication:  April  10,  1972. 


Notes  Section 


ADDITIONAL  RECORD  OF  THE  POCKETED  FREE-TAILED  RAT  FOR  NEW 
MEXICO.  Only  one  published  record  exists  for  the  pocketed  free-tailed  bat,  Tadarida 
femorosacca  (Merriam),  in  New  Mexico.  On  8  September  1956  Constantine  (1958. 
/.  Mamrn.,  39:  293)  captured  by  bat  trap  a  lactating  female  in  the  main  entrance 
of  Carlsbad  Cavern,  Carlsbad  Caverns  National  Park  in  southeastern  New  Mexico. 

On  the  night  of  3-4  July  1969,  I  netted  a  large  earthen  tank  beside  the  ranch 
house  of  Johnson’s  Ranch,  Guadalupe  Canyon,  Hidalgo  County,  in  extreme  south¬ 
western  New  Mexico.  At  9:45  PM  I  captured  one  adult  male  (testes — 2  X  1  mm; 
114  gms.;  D.M.  46)  and  one  pregnant  female  (1  embryo  24  mm  c-r;  D.M.  47) 
T.  femorosacca .  Their  measurements  were:  total  length,  1 06,  1 01 ;  tail,  44,  43 ;  hind 
foot,  8,  7;  ear,  19,  17;  tragus,  3,  4.  They  were  preserved  as  study  skins  and  skulls 
and  are  at  Northwest  Missouri  State  XJniv.,  Maryville.  Associated  species  captured 
that  night  were:  Choeronycteris  mexicana  (1  pregnant  female),  Myotis  calif ornicus 
(1),  Pipistrellus  hesperus  (1),  Eptesicus  fuscus  (2),  Lasiurus  borealis  teliotis  (2), 
Plecotus  townsendii  (1),  Antrozous  pallidus  (1),  and  Tadarida  brasiliensis  (8).  For 
a  description  of  Guadalupe  Canyon  and  its  various  habitats  see  Mumford  and 
Zimmerman  (1963.  J.  Mamm.,  44:  417-418).  An  additional  record  exists  for  T. 
femorosacca  in  Guadalupe  Canyon  and  will  be  reported  upon  separately  (Jay 
Druecker,  pers.  comm.).  The  closest  reported  locality  to  the  site  herein  reported  is 
Ft.  Huachuca,  Cochise  County,  Arizona  (Shamel,  1931.  Proc.  U.S.  Nat .  Mus.,  78: 
1-27),  a  distance  of  80  miles.  David  A.  Easter  la,  Department  of  Forestry  and  Conser¬ 
vation,  Purdue  University ,  Lafayette ,  Indiana  47907 .  Present  address:  Dept .  of  Biol. , 
Northwestern  State  Univ.,  Maryville,  Mo.  Accepted  for  publication:  April  5,  1972. 

2H-PYRANO[2,3-^]PYRIMIDINES.  This  report  presents  a  method  of  preparing 
four  2H -p.yia.no  [2,3-if|  pyrimidines  from  the  condensation  of  6-keto  esters  with 
barbituric  acid  in  the  presence  of  trilluoro acetic  acid  (TFA). 

7-Methyl-2F7-pyrano[2,3-J]pyrimidine-2,4,5(lflr,3/^)trione(l),  used  as  the  model 
substance,  Is  described  along  with  other  members  of  the  1—4  series  in  Table  1,  and 
is  formed  by  the  reaction  given  in  Fig.  1 .  The  isolation  of  pure  samples  of  members 
of  this  series  proved  to  involve  a  tedious  process  of  repeated  partitioning  of  the  com¬ 
pounds  between  tetrahydrofuran  (THF)  and  heptane;  and  attempts  to  isolate  reac¬ 
tion  products  from  ethyl  2-chloroacetoacetate,  dimethylacetone  dicarboxylate,  and 
ethyl  2-cyclopentanone  carboxylate  all  failed. 

Since  the  usual  methods  of  preparing  derivatives  of  pyrones  was  complicated  by 
the  presence  of  the  pyrimidine  ring  in  the  present  study,  an  alternate  method  of 
synthesis  of  the  model  compound  1  was  devised  for  comparative  purposes.  The 
alternate  route  is  described  in  the  experimental  portion  as  the  preparation  of  com¬ 
pound  la.  This  latter  substance  and  analogous  members  of  the  1—4  series  are 
reminiscent  of  a  group  of  compounds  reported  previously  (Woods,  1969,  J.  Org. 
Chern..,  34:  2796)  (via  the  reaction  of  1,3-diketones  with  F-keto  esters)  in  that  the 
pyrene  portion  of  the  ring  system  has  a  4-pyrone  structure. 

Compounds  1  and  la  formed  the  anticipated  2,4-dinitrophenyl-hydrazone  and  this 
reaction,  along  with  NMR  and  IR  spectra,  confirm  the  postulated  4-pyrone  structure 
of  the  compounds  of  the  1—4  series. 

The  Texas  Journal  of  Science,  Yol.  XXIY,  No.  4,  March,  1973. 
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Ridi  and  Feroci  (1950,  Gazz.  Chim.  Ital .,  80:  122)  have  described  the  thermal 
condensation  of  ethylacetoacetate  with  barbituric  acid  and  have  assigned  a  2-pyrone 
structure  to  the  product  without  any  definitive  proof.  This  investigator  does  not 
agree  with  their  conclusion.  We  are  of  the  opinion  that  they  have  misinterpreted 
the  results  due  to  the  possible  presence  of  impurities. 

The  preparation  of  5 -phenyl-2//  pyrano  [2,3-/]  pyrimidine-2,4,7  (1//, 3//) trione 
(compound  5),  the  2-pyrone  isomer  of  compound  2  has  been  prepared  by  a  method 
described  previously  (Woods  and  Holland,  1969,  Tex.  J.  Sci .,  21:  91).  A  2,4-dinitro- 
phenylhydrazone  derivative  of  the  compound  could  not  be  prepared  by  the  usual 
methods. 


*+-L.  L.  Woods 


FIG.  I 

PREPARATION  OF  7-METHYL-2H-PYRAN0[2,3-d]  PYRIMIDINE-2, 4,5<IH,3H)TRI0NE 


ii  A* 

+  CH3C-CH2C “0C2H5 


1 

COMPOUNDS  1-4:  A  mixture  consisting  of  0.1  mole  barbituric  acid,  0.1  mole  /3-keto 
ester  and  30  ml  TFA  was  refluxed  for  24  hours,  poured  into  250  ml  of  water,  chilled 
overnight  and  filtered.  The  air-dried  precipitate  was  taken  as  the  crude  yield. 
Samples  of  compounds  1.  2  and  5  were  each  triturated  with  THF  and  heated  to 
boiling.  The  samples  were  chilled  and  filtered.  The  residue  was  again  triturated 
with  THF  without  any  heating  and  refrigerated  24  hours  to  give  the  analytical 
samples  described  in  Table  1.  Compound  3  was  taken  up  in  boiling  THF  and 
precipitated  with  heptane.  The  process  was  repeated  three  times  to  give  the  analyti¬ 
cal  sample. 

compound  la:  A  combination  of  0.1  mole  of  barbituric  acid  and  ethyl  acetoacetate 
was  heated  in  an  oil  bath  at  155°  for  24  hours.  The  temperature  was  then  increased 
to  170°  for  4  hours.  The  solid  residue  was  weighed  as  the  crude  yield  (64%);  the 
compound  was  purified  as  for  1,  mp  343°.  A  mixture  mp  with  1  was  not  depressed. 
The  UV  spectra  of  both  substances  gave  identical  absorption  maxima,  an  NMR 
spectrum  gave  3HV2.46,  H-5.70,  H- 11.23  and  H-l  0.3-12.3  ppm  in  dimethylsul- 
foxide-6d  with  tetramethylsilane  as  an  internal  reference;  IR  adsorption  maxima 
3000,  2910,  1740,  1665,  1548  (KBr).  Anal:  Calcd  for  C8H6No04:  C, 49.49;  H,3.11; 
N, 14.42.  Found:  C, 49.28;  H,3.21;  N, 14.28. 

compound  5:  To  0.1  mole  of  barbituric  acid  and  0.1  mole  ethyl  phenylpropiolate 
was  added  lOg  of  powdered  zinc  chloride.  The  mixture  was  heated  under  an  air 
cooled  condenser  for  24  hours  at  150°.  The  melt  was  treated  with  20  ml  concentrated 
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hydrochloric  acid  and  100  ml  of  water  and  the  mixture  heated  to  boiling,  then 
chilled.  The  air-dried  precipitate  was  the  crude  yield  (84%).  Purification  was 
effected  by  taking  the  compound  up  in  THF  and  precipitating  with  heptane  four 
times  to  give  lemon-yellow  prisms,  mp  254-255°.  The  NMR  spectrum  gave,  H-5.75, 
5H’s-7.32,  2HV11.05  in  DMSO-6d  with  TMS  as  the  internal  reference.  Calcd  for 
C13H8N204:  N, 10.93.  Found:  N, 10.86. 

2,4-Dinitrophenylhydrazone  of  1  and  la.  One  gram  samples  of  two  compounds 
were  each  boiled  with  2.5g  of  2,4-dinitrophenylhydrazine,  two  ml  of  concentrated 
hydrochloric  acid  in  100  ml  of  ethanol  for  five  minutes.  The  mixture  was  filtered 
and  diluted  with  five  ml  of  water.  The  resulting  dark  red  crystals  were  recrystal¬ 
lized  from  100  ml  of  ethanol  containing  one  ml  of  acid,  m.p.  of  the  hydrazone  of  1 
208-210°;  m.p.  of  the  hydrazone  of  la  was  210°.  Calcd  for  C26H18N14013:  N, 26.69. 
Found  1:  26.97.  Found  la:  26.62. 

The  author  thanks  the  Robert  A.  Welch  Foundation  for  the  support  of  this  project 
and  Dr.  Kurt  Loening  of  the  Chemical  Abstract  Service  for  naming  of  the  new  ring 
systems.  Analyses  were  made  by  G.  I.  Robertson,  73  West  End  Avenue.  Florham 
Park,  N.  J.  By  L.  L.  Woods ,  Department  of  Chemistry ,  Texas  Southern  University , 
Houston  77004.  Accepted  for  publication:  April  5,  1972. 

NOTES  ON  THE  LIMNOLOGY  OF  A  SOUTHWEST  TEXAS  POND.  During 
June,  1970,  the  limnology  of  a  desert  pond  (stocktank)  was  investigated  by  members 
of  the  Southern  Methodist  University — Dallas  Museum  of  Natural  History  Summer 
Field  Program.  Norton’s  Tank  is  located  11.2  km  northwest  of  the  Black  Gap  Game 
Management  Area  headquarters  in  Brewster  County,  Texas,  near  the  boundary  of 
Big  Bend  National  Park.  This  area  of  Texas  averages  less  than  24  cm  of  rainfall 
annually  and  the  tank  has  been  reported  as  completely  dry  at  least  twice  since  1960. 
At  the  time  of  sampling  Norton’s  Tank  had  a  surface  area  of  6,660  m2  and  a  volume 
of  8,990  m3.  The  tank  is  long  (155  m  maximum  length)  and  shallow  with  an 
average  depth  of  less  than  1.1  m.  The  greatest  depth  recorded  (3.4  m)  was  near  the 
small  earthen  dam. 

Temperatures  were  recorded  at  varying  depths  with  a  battery-powered  Teletherm 
thermister.  Zooplankton  samples  were  taken  at  6  random  sites  and  depths  with  a 
one-liter  Kemmerer  bottle  and  standard  net  plankton  buckets.  A  double-weighted 
Petersen  dredge  was  utilized  to  remove  bottom  samples  at  20  sites.  All  benthic  macro- 
invertebrates  were  sieved  and  sorted  using  fine-screened  trays  and  preserved  in  70% 
alcohol.  Alkalinity,  pH,  chloride  content,  dissolved  oxygen,  carbon  dioxide  content, 
total  hardness,  iron,  nitrates,  and  phosphates  were  computed  in  the  field  or  within 
2  hours  of  sampling  by  the  methods  described  by  Hach  (Hach  Chemical  Company, 
1966). 

Even  though  temperatures  ranged  from  27  at  3  m  to  33.7  C  (at  the  surface), 
there  was  no  defined  temperature  stratification.  Oxygen  content  in  the  deeper  water 
averaged  3  ppm  while  at  the  surface  it  was  slightly  above  4  ppm.  Carbon  dioxide 
content  was  as  to  be  expected,  greater  near  the  substrate  at  60  to  68  ppm  in  surface 
waters.  Turbidity  (expressed  as  Jackson  Turbidity  Units)  was  elevated  in  depths 
below  2  meters  and  ranged  from  112  to  138.  Near  the  surface  the  range  was  29-39 
JTU.  The  pH  was  not  particularly  variable  with  values  of  8. 0-8.2  at  the  surface 
and  7.4  near  the  bottom.  Alkalinity  (total)  was  high  in  the  deeper  water  as  it 
exceeded  430  ppm  while  surface  values  averaged  169  ppm.  The  water  at  1-3  meters 
was  found  to  be  highly  colored  (Platinum  Cobalt  Standard)  with  a  reading  of  120- 
140  units  even  though  there  was  little  coloration  (10  units)  at  the  surface.  Chloride 


NOTES  547 

content  was  uniform  at  15  ppm,  total  hardness  was  120  ppm,  total  nitrogen  (nitrate 
plus  nitrite  nitrogen)  averaged  1.8  and  iron  and  phosphate  less  than  .45  ppm. 

The  bottom  fauna  was  found  to  be  uniformly  poor.  Greatest  productivity  was 
present  in  areas  of  less  than  one  meter  depth.  The  most  common  organism  present 
was  the  Oligochaeta  Limnodrilus  which  was  found  only  in  the  very  shallow  southern 
quadrant  of  the  pond.  Concentrations  in  this  area  exceeded  20  per  square  meter  but 
averaged  less  than  9  per  square  meter  over  the  total  substrate.  The  dipteran 
Tendipedes  was  collected  only  in  the  very  shallow  areas  and  never  exceeded  10  per 
square  meter.  Other  organisms  present  included  nymphs  of  the  odonate  Libellula, 
the  leech  Helobdella ,  and  a  few  scattered  immature  Dytiscidae  and  Haliplidae. 

Zooplankton  concentrations  were  equally  poor.  The  zooplankton  population  was 
found  to  average  less  than  220  organisms  per  liter.  Daphnia  was  the  most  common 
form  present  and  represented  over  97%  of  all  samples  taken.  The  only  other  form 
found  with  any  frequency  was  the  copepod  Macrocyclops.  Greatest  plankter  concen¬ 
trations  occurred  in  depths  of  1  to  1.5  meters.  Only  100  to  140  organisms  were  found 
in  samples  taken  near  the  surface  or  in  depths  below  2  meters.  The  littoral  turbid 
areas  were  particularly  unproductive  with  values  of  less  than  20  organisms  per  liter. 

Possibly  the  very  unstable  substrate,  lack  of  rooted  aquatics  and  rapidly  fluctu¬ 
ating  water  levels  serve  to  limit  productivity  and  diversity  in  such  temporary  ponds 
but  additional  studies  are  needed  to  describe  further  the  limnology  of  desert  ponds 
in  this  region  of  Texas.  I  wish  to  acknowledge  the  financial  and  manual  aid  of  Hal 
Kirby  and  Richard  Fullington  of  the  Dallas  Museum  of  Natural  History  and 
William  Stallcup  and  Kathryn  Smith  of  the  Department  of  Biology  of  Southern 
Methodist  University  who  made  this  project  possible.  John  O.  Mecom,  Department 
of  Biology ,  Southern  Methodist  University ,  Dallas  75222.  Accepted  for  publication: 
April  5,  1972. 
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Dialectic 

The  Uniqueness  of  Darwinism 

by  A.  W.  ROACH1 

North  Texas  State  University ,  Denton 

The  historical  impact  of  Darwinism,  the  forces  it  unleashed  and  the 
revolution  it  engendered  are  unique  in  the  history  of  biology.  Unique, 
probably  so,  because  Darwinism  per  se  died  as  it  was  born,  a  beautiful 
hypothesis  slain  by  cold,  ugly  facts.  Unique,  certainly,  because  Dar¬ 
winism  turned  biology  as  a  whole  upside  down,  revised  its  impetus 
and  direction,  caused  other  disciplines — as  history  for  example — to 
search  for  guiding  ideas  and  of  course  stirred  up  quite  an  ecclesiastical 
ruckus.  Unique,  undoubtedly,  because  Darwinism  was  a  deficient 
thesis,  composed  of  vague  starting  points,  uncritical  material,  weak 
arguments  based  on  loose  assumptions  and  an  underlying  belief  in  the 
power  of  chance  and  finality  as  an  explanation  of  nature.  Unique,  yes, 
because  it  was  a  miracle  that  Darwinism  was  accepted  at  all.  Two 
individuals,  famous  in  their  times,  had  published  far  and  wide  that 
species  were  mutable.2  They  went  further  than  did  Darwin  and  set  up 
elaborate  schemes  of  interrelationship.  Their  work  went  unnoticed. 

To  define  and  examine  Darwinism  in  detail,  we  need  to  look  first  at 
the  man  himself,  his  origin,  environment  and  personality  as  factors 
shaping  his  contribution  and  second  at  the  cultural  climate  that  per¬ 
mitted  the  theory  to  take  root  where  the  others  had  failed. 

Charles  Robert  Darwin  was  born  in  1809  at  Shrewsbury  in  West 
England.  He  was  the  6th  of  8  children  and  a  scion  of  a  wealthy,  re¬ 
spected  family  with  a  proud  tradition  of  usefulness  to  England.  His 
father  was  Robert  Waring  Darwin,  a  well-known  physician  and  son 
of  Erasmus  Darwin,  famous  natural  history  philosopher  and  physi¬ 
cian.  His  mother  was  Susan  Wedgwood  Darwin,  daughter  of  Josiah 
Wedgwood,  the  wealthy  porcelain  manufacturer,  renowned  for  his 
distinctive  ceramics. 

As  a  young  boy,  Charles  was  sent  to  the  best  private  schools  and 
tutors.  All  of  his  teachers  were  unanimous  in  their  opinions — Charles 
simply  didn’t  have  it.  He  was  obedient  and  well-mannered  but  lacka- 

1  An  address  delivered  recently  to  Phi  Alpha  Theta,  Historical  Fraternity,  North 
Texas  State  University. 

2  Charles  Bonnet  and  Chevalier  de  Lamarck. 
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daisical  when  it  came  to  studying.  The  father  was  more  than  dis¬ 
mayed.  He  threw  up  the  family  to  him,  punished  him,  but  to  no  ap¬ 
parent  avail.  It  had  been  predetermined  by  the  elder  Darwin  that 
Charles  would  be  a  physician.  Despite  his  poor  academic  record. 
Charles  was  admitted  to  Edinburgh  to  study  medicine.  Robert  Darwin 
was  on  the  Alumnal  board  of  directors  as  had  been  Darwins  before 
him.  (Gardner,  1965).  Charles  didn’t  do  too  well  the  first  year — he 
failed  Latin  and  Gross  Anatomy.  He  was  given  another  chance  and 
did  even  worse  the  2nd  year.  This  was  followed  by  a  stormy  family 
conference.  His  concerned  sisters  suggested  the  priesthood.  “Why 
not”,  his  distaught  father  agreed,  “he  has  to  be  something  acceptable 
and  besides  the  theologic  curriculum  wasn’t  too  exacting.”  Charles  ac¬ 
cepted  the  decision  calmly  and  off  he  went  to  Cambridge.  Four  years 
later,  he  graduated  last  in  his  class  with  a  B.A.  in  theology  (Snyder, 
1940). 

During  his  stay  at  Cambridge,  he  seldom  went  to  class;  the  lectures 
bored  him.  He  spent  most  of  his  time,  as  becoming  the  wealthy  under¬ 
graduate,  in  the  sport  of  that  period,  shooting.  This  took  him  out-of- 
doors,  where  he  noticed  plants,  animals,  and  rocks  and  started  collect¬ 
ing  them  for  amusement  at  first  and  then  seriously.  He  became  asso¬ 
ciated  with  Sedgewick,  the  geologist,  and  Henslow,  the  botanist,  ac¬ 
companied  them  on  several  collecting  expeditions  and  attended  some 
of  their  lectures  (Singer,  1959).  Geology  particularly  fascinated  him; 
becoming  a  practicing  theologian  did  not. 

Just  prior  to  his  graduation,  his  father  began  pulling  strings  to  ob¬ 
tain  a  socially  suitable  parish  for  him.  At  the  same  time.  Henslow 
learned  that  an  unsalaried  post  of  naturalist  was  available  aboard  His 
Majesty’s  ship,  “The  Beagle”,  bound  for  a  cartographic  mission 
around  the  world.  As  usual,  Charles  hung  back,  and  it  was  Henslow 
who  confronted  the  furious  father.  After  several  conferences,  Henslow 
and  an  uncle  prevailed;  a  sullen  father  and  hopeful  sisters  saw  a  re¬ 
lieved  graduate  bound  up  the  gangplank.  Henslow  pressed  into  his 
hand  a  copy  of  Ly ell’s  new  book,  just  off  the  press,  entitled  “Principles 
of  Geology”  (Singer,  1959).  The  ship  had  no  more  than  slipped  into 
Portsmouth  Bay  than  Charles  was  hanging  on  the  rail,  uncontrollably 
seasick.  He  never  acclimatized  and  during  the  5  years  of  the  voyage, 
he  was  prostrate  whenever  the  ship  moved.  This  disfunction  altered 
the  course  of  his  private  life  after  the  voyage. 

First,  Darwin  read  Ly  ell’s  book  from  cover  to  cover  and  discovered 
Lamarck’s  theory  of  mutability.  Lyell  discussed  the  theory  in  detail 
because  Lamarck  believed  as  had  Cuvier  in  a  catastrophic  explanation 
of  the  differences  in  animal  remains  in  different  strata.  Lyell  felt  the 
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same  forces  were  at  work  in  the  present  as  had  been  thousands  of  years 
ago  and  that  strata!  differences  were  due  to  gradual  environmental 
changes.  He  skipped  the  question  of  biotic  origin,  believing  it  unsolv- 
able,  but  did  feel  Lamarck’s  use  and  disuse  theory  was  inoperable 
(Nordenskiold,  1928) .  Darwin  took  a  long  look  at  the  slight  differences 
between  mussel  shells  in  Patagonia  strata  and  living  specimens.  At 
the  Galapagos  Islands  the  expedition  stopped  for  a  month  to  chart  the 
area.  During  this  respite,  Darwin  collected  avidly.  He  was  taken  with 
the  fact  that  although  the  islands  were  of  recent  volcanic  origin  and 
fairly  close  to  South  America,  each  island  had  distinct  species.  He 
asked  himself  this  question:  Could  species  have  been  especially  created 
for  each  island?  He  answered  the  question  negatively. 

When  he  was  literally  carried  off  the  vessel  at  Portsmouth,  he  was 
fairly  well  known.  He  kept  a  journal  of  the  activities  of  the  expedition 
and  installments  were  periodically  taken  back  by  ships  heading  home. 
These  were  published  in  the  papers  under  his  by-line.  He  kept  his  idea 
of  mutability  to  himself  and  worked  for  2  years  in  the  Kinsington  Mu¬ 
seum  on  the  taxonomy  of  mussel  species.  During  this  time,  he  married 
his  first  cousin,  Hannah  Wedgwood  (Snyder,  1940).  The  rigors  of  the 
expedition  began  to  take  their  toll  and  he  had  to  seek  a  quieter  life 
away  from  London.  He  took  an  estate,  high- walled  and  with  a  manor- 
house,  in  Down,  a  small  town  in  the  county  Kent.  Here  he  spent  the 
rest  of  his  life,  seldom  venturing  forth  from  behind  his  walls.  His  and 
his  wife’s  personal  income  made  this  possible.  His  health  never  im¬ 
proved.  His  disfunction  has  been  described  simply  as  nervous  stomach 
trouble.  He  was  an  insomniac;  after  little  sleep  during  the  night,  he 
was  visited  by  a  physician  in  the  morning;  this  was  followed  by  a  short 
period  of  intense  work,  then  he  relaxed  the  rest  of  the  day  walking 
over  his  estate,  trying  to  nap,  enjoying  his  garden  or  reading  (Norden- 
skiold,  1928) .  He  was  kept  on  a  strict,  and  frugal  diet  to  try  and  keep 
down  the  cramping  and  violent  purging  he  never  escaped.  Journeys 
were  prohibited  and  social  life  kept  to  a  minimum.  So  his  days  passed, 
each  like  the  other,  up  to  his  death  at  71  in  1882.  It  remains  to  be  said 
that  he  was  buried  next  to  Newton  in  Westminster  Abbey,  reserved 
for  England’s  most  famous  sons. 

In  1859,  after  slow  and  secret  deliberation,  he  published  what  surely 
must  be  called  one  of  the  most  famous  of  natural  history  monographs: 
“On  the  Origin  of  Species  by  Means  of  Natural  Selection.”  Overnight, 
he  was  catapulted  to  world-wide  fame.  He  met  the  violet  reaction  that 
followed  with  what  Johannsen  (1919)  has  called  “an  amiable  credul¬ 
ity.”  It  almost  seemed  that,  like  Pilate,  he  set  the  stage  for  a  major 
convulsion  and  then  washed  his  hands  of  the  aftermath.  Nordenskiold 
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(1928)  held  the  opinion  that  he  refused  to  enter  into  the  polemics  be¬ 
cause  of  his  bodily  suffering.  It  is  true  he  was  free  from  passion,  hate, 
envy,  and  the  drive  these  emotions  engender.  Shortly  before  his  death, 
he  had  written  down  in  some  notes  on  his  own  life,  the  oft-quoted 
words:  “As  for  myself,  I  believe  that  I  have  acted  rightly  in  steadily 
following  and  devoting  my  life  to  science  rather  than  to  theology.  I  feel 
no  remorse  from  having  committed  any  great  sin  but  have  often  re¬ 
gretted  that  I  have  not  done  more  direct  good  to  my  fellow  creatures.” 
(F.  Darwin,  1887) . 

Thus,  we  have  an  individual  who  brought  to  his  work,  a  deficient 
academic  training  and  an  individual  who  was  forced  by  circumstance 
to  work  in  isolation.  With  this  in  mind,  let  us  retrace  our  steps  to  the 
some  20  years  Darwin  labored  on  his  contribution.  As  we  have  seen,  he 
started  with  the  premise  than  species  as  Lyell  had  dealt  with  the 
geological  strata  of  the  earth,  namely,  to  collect  as  many  facts  as  possi¬ 
ble  regarding  the  transition  from  one  form  to  another.  In  this  respect, 
domestic  animals  seemed  to  him  to  give  the  best  suggestions,  that  each 
separate  domestic  animal  was  a  true  species,  no  systematist  had  ever 
denied,  and  it  was  likewise  acknowledged  that  man  had  produced  a 
mass  of  different  forms  within  each  kind  of  domestic  animal.  Darwin 
communicated  with  a  great  many  animal  breeders  and  bred  races  of 
pigeons  himself  to  try  and  discover  how  the  different  races  arose. 
Expert  breeders  believed  that  by  a  selection  of  suitable  parents,  it  was 
possible  to  gradually  modify  the  progeny  at  will.  Darwin  also  came  to 
accept  this  view.  That  is,  all  the  young  in  a  litter  of  domestic  animals 
are  somewhat  dissimilar  and  by  selecting  the  suitable  variations,  it 
was  possible  to  guide  the  breed  in  the  required  direction.  But  if  man 
was  able  by  selection  to  produce  a  number  of  different  forms  out  of  the 
uniform  canine  type  that  still  exists  among  wild  tribes,  for  example, 
should  it  not  then  be  possible  for  species  to  be  modified  by  nature  in  the 
same  way?  The  difference  between  a  greyhound  and  a  bulldog  is  far 
greater  than  that  between  many  wild  life  forms,  which  without  doubt, 
pass  for  good  species.  Is  there  then  in  nature,  a  force  operating  in  the 
same  direction  as  the  breeder  when  he  selects  new  forms  of  domestic 
animals?  Here  lay  the  worse  stumbling  block.  Then  Darwin  happened 
to  read  the  work  of  the  gloomy  curate,  Malthus  (1817),  who  explained 
how  both  in  nature  and  human  life  there  are  produced  individuals  in 
far  greater  numbers  than  there  are  means  for  maintaining  them  and 
how  the  weakest  perish  in  the  competition  for  food;  this  gave  him  his 
idea.  In  the  struggle  for  existence  those  life  forms  are  destroyed  that 
are  the  least  capable  of  adapting  themselves  to  prevailing  conditions, 
while  the  strongest  individuals  survive  and  reproduce  those  qualities 
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that  have  a  greater  chance  of  survival  until  new  species  arise  out  of 
the  varieties.  The  process  is  identical  to  the  breeders5  practice  with  one 
difference.  Natural  selection  is  not  readily  apparent  because  it  takes 
place  over  a  long  period  of  time.  These  facts,  then,  the  dissimilarity 
between  the  offspring  of  the  parents,  that  is,  variability,  and  the 
straggle  for  existence  with  the  resultant  natural  selection  explain,  so 
Darwin  thought,  the  origin  of  species. 

That  the  majority  of  his  fellow  scientists  rejected  his  evidence  and 
arguments  is  well-documented.  Rather  than  exhaustively  point  out 
the  weaknesses  that  were  immediately  evident,  let  us  simply  say  he 
lacked  a  sense  of  law-bound  necessity  in  existence.  He  ascribed  to 
selection  the  most  remarkable  powers.  A  traveler  had  seen  a  bear 
swimming  in  a  North  American  river  and  snapping  at  insects  in  the 
water.  Darwin  thought  it  not  impossible  that  if  food  of  this  kind  were 
abundant  and  there  were  no  competitors,  a  number  of  bears  would 
become  aquatic  animals  and  would  gradually  acquire  larger  and  larger 
mouths  and  eventually  become  as  monstrous  as  whales.  “I  believe  in. 
no  law  of  necessary  development,5’  he  expressly  declared.  The  varia¬ 
tions  are  guided  not  in  any  given  direction,  but  in  all  possible  direc¬ 
tions  and  they  are  influenced,  depending  upon  every  chance,  quite 
incalculably  by  natural  selection.  Radi  (1930)  pointed  out  that  Darwin 
really  applied  the  social  conception  of  contemporary  liberalism  to  life 
and  nature  which,  as  a  matter  of  fact,  is  at  once  realized  from  the 
acknowledged  part  played  by  Malthus's  social  doctrine  in  the  working 
out  of  Darwin's  theory.  The  human  social  conception  of  nature  stands 
out  clearly  in  the  above-mentioned  statement  regarding  the  bear,, 
which  if  the  chance  offers,  can  take  to  swimming  and  develop  into  a 
whale.  More  applicable  to  human  social  life  than  to  nature  is  also  the 
form  that  his  utterances  often  take  of  fancies  thrown  out  at  random 
that  remind  one  of  a  social  reformer's  improvement  schemes  rather 
than  that  of  the  binding  conclusions  of  a  scientific  investigator.  “It 
would  offer  no  difficulty  to  suppose”  and  other  similar  speculative  ex¬ 
pressions  frequently  occurred. 

The  weakest  part  of  his  hook  resulted  from  his  starting  point,  name¬ 
ly  the  difficult  to  define  species  and  variety.  Contemporaries  who  em¬ 
braced  the  doctrine  started  with  a  few  simple  and  easily  determined 
characters  and  established  their  appearance  in  different  generations  in- 
various  combinations.  This  approach  prevailed  and  led  to  the  search 
for  anatomical,  embryologic,  and  paieontologic  evidence  of  relation¬ 
ship  and  the  self-revision  of  these  fields.  Academic  phylogeny  or  evo¬ 
lution  was  established,  a  concept  foreign  to  Darwin’s  mind,  he  once 
wrote,  “Heaven,  forfend  me  from  Lamarck's  nonsense  of  a  tendency 
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to  progression.”  Eventually,  the  science  of  genetics  came  into  being  to 
explain  the  mechanism  of  change  on  a  quantitative  rather  than  a  spec¬ 
ulative  basis. 

Darwin  may  well  have  suffered  the  fate  of  Bonnet  and  Lamarck  if 
it  hadn’t  been  for  one  man,  a  press  agent  so  to  speak,  who  put  Darwin’s 
book  on  both  the  scientific  and  non-scientific  best  seller  lists.  He  was 
Thomas  Huxley.  He  was  not  entirely  responsible  since  Darwin’s  edi¬ 
torship  of  the  Beagle’s  scientific  accomplishments  had  earned  some 
fame  for  its  author,  but  he  was  the  sparkplug  who  ignited  the  confla¬ 
gration. 

Also,  let  us  say  that  following  the  advent  of  the  industrial  revolution 
there  had  come  into  being  an  optimistic  liberalism.  Large  scale  indus¬ 
trial  development  and  world  trade  created  an  intelligent  middle  class 
that  looked  to  the  future.  Happiness  became  synonomous  with 
material  welfare  if  human  life  was  allowed  to  operate  freely  without 
oppression  and  superfluous  regulation.  Free  competition  in  both  the 
material  and  spiritual  world  and  individual  liberty  became  the  watch¬ 
words  of  the  age.  This  conception  of  life  provided  fertile  soil  in  which 
to  cultivate  a  theory  of  evolution  and  to  evoke  violent  opposition  from 
those  not  yet  won  over  to  the  new  ideals  of  social  reform  in  the  nine¬ 
teenth  century. 

Huxley  was  the  first  to  embrace  Darwin’s  theory.  Born  in  the  slums 
of  south  London  in  1825  to  an  itinerate  schoolmaster,  Huxley  took 
himself  out  of  school  at  the  age  of  1 0 — the  curriculum  was  not  up  to 
his  standards.  A  voracious  reader,  he  educated  himself,  applied  to  the 
royal  academy  of  physicians  when  he  was  17,  passed  their  entrance 
exam  and  graduated  from  the  academy  with  highest  honors  as  a  physi¬ 
cian.  He  won  a  surgeon’s  commission  in  the  Navy  and  became  inter¬ 
ested  in  sea  squirts  while  cruising  in  Australian  waters.  He  wrote  a 
book  on  these  animals,  the  Medusae,  that  won  wide  acclaim  in  inverte¬ 
brate  quarters  and  secured  for  him  a  teaching  position  in  zoology  at  a 
small  school  of  mines  (Snyder.  1940).  He  won  early  recognition  in 
the  scientific  world  by  a  series  of  brilliant  dialectic  attacks  on  some  of 
the  theories  of  England’s  famous  anatomist,  Richard  Owen. 

By  nature  Huxley  was  a  critical  rather  than  a  creative  scientist. 
Some  feel  that  as  a  popular  scientist  he  is  yet  unrivaled  for  the  clear¬ 
ness,  warmth,  honesty,  and  capacity  for  putting  the  most  involved 
questions  in  a  fluent  and  easily  understood  style.  He  was  a  born  con¬ 
troversialist  with  an  ever-wakeful  pugnacity  and  a  never-failing 
promptless  in  reply.  He  never  allowed  his  composure  to  be  ruffled  nor 
himself  to  be  silenced. 

This  was  the  man  who  read  Darwin’s  book  and  promptly  sat  down 
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and  wrote  a  paper.  The  press  loved  to  print  his  material,  particularly 
his  later  debates  with  the  churchmen,  their  cumbersome  prose  versus 
his  cutting  reply.  Huxley’s  analysis  of  Darwinism  was  widely  read  in 
both  the  scientific  and  non- scientific  communities ;  the  fuse  was  lit  and 
it  was  Huxley  who  rode  forth  to  battle  while  Darwin  crouched  behind 
his  walls  vomiting  and  studying  the  earthworms  in  his  garden. 

Little  attention  was  paid  to  Huxley’s  scientific  objections  to  the 
theory,  except  by  the  2  or  3  scientists  who  agreed  with  him.  There 
were  Gegenbauer  and  Haekel  in  Germany  who  realigned  compara¬ 
tive  anatomy,  initiated  phylogenetic  and  embryologic  studies— it  was 
Haeckel  who  said  man  was  a  descendant  from  the  ape  and  ontogeny 
recapitulates  phylogeny.  In  the  U.S.  Asa  Grey,  the  Harvard  botanist, 
charged  a  young  student,  Charles  Bessey,  to  study  the  theory  and 
revise  taxonomy  on  a  phylogenetic  basis.  Huxley  did  not  have  Dar¬ 
win’s  blind  faith  in  the  absolute  dominance  of  the  small  variations  in 
Nature  and  he  knew  the  theory  could  not  apply  to  sudden  appearances 
of  inherited  change  such  as  polydactyly  and  the  origin  of  the  otter 
sheep  in  N.A.  In  such  instances  there  had  been  no  struggle,  survival  of 
the  fittest,  and  natural  selection.  He  thought  these  were  minor  points, 
however,  and  looked  only  for  the  good  in  the  theory  to  defend.  What 
he  really  was  confronted  with  was  Darwin’s  use  of  the  word  “creation” 
which  was  synonomous  in  Darwin’s  mind  with  variation.  Darwin 
skipped  from  variation  to  creation  by  means  of  Malthus’  social  mech¬ 
anism  without  intervening  evidence.  Huxley’s  disputes  with  Glad¬ 
stone  concerning  the  gospel  story  of  the  Gadarene  swine  and  with  the 
Bishop  of  Oxford,  Samuel  Wilberforce,  were  his  most  famous  debates 
and  in  both  instances,  he  crushingly  defeated  his  opponents  (Huxley, 
1896). 

Much  has  happened  since  the  birth  of  the  idea  and  the  Huxley- 
Haeckel  period  both  in  the  development  of  phylogeny  as  a  natural  law 
and  its  acceptance  by  deverse  groups.  Discoveries  in  molecular  biology 
and  ecology  have  merely  refined  the  mechanics  that  diverged  from 
Darwinism  at  its  inception.  We  now  know  what  happens  in  an  uni¬ 
lateral  dine  divergence  and  of  the  dynamics  of  speciation  in  a  hybrid 
constellation.  At  best,  natural  selection  is  only  a  half-truth  and  in¬ 
volved  with  such  factors  as  mutation  frequency,  genetic  diversity, 
instances  of  the  decrease  of  fitness  of  the  carriers  by  some  ambivalent 
genes,  and  particularly  the  lack  of  directional  selection  by  the  environ¬ 
ment  so  as  to  alter  the  genetic  makeup. 

As  for  the  present  general  acceptance  of  the  idea  of  evolution,  I  can¬ 
not  speak  for  the  historian.  There  are  many  opinions.  An  anonymous 
theologian  recently  wrote:  “Religion  has  gained  from  Darwinism  a 
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new  sense  of  the  scale,  continuity  and  significance  of  the  creative 
process  and  a  new  stress  upon  the  perpetual  energy  of  the  living  God. 
If  his  spirit  shares  in  the  process  we  can  have  confidence  in  its  result.” 
As  for  the  biologist,  perhaps  the  epithet  reserved  for  most  pioneers  is 
sufficient:  He  pointed  the  way. 
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EL  CAPOTE  CABIN:  BIOLOGICAL  HISTORY  OF  WOOD 
USED  IN  AN  EARLY  TEXAS  RANCH  HOUSE 


by  PHILIP  R.  MOREY  and  JERRY  L.  ROGERS1 2 

Department  of  Biology  and  The  Museum  of  Texas  Tech  University, 

Lubbock,  79409 

ABSTRACT 

The  timber  used  in  construction  of  the  El  Capote  cabin  is  identified  on  the  basis  of 
wood  anatomy  as  that  of  Ulmus  alata,  the  winged  elm.  Following  an  interesting  early 
history,  the  structure  fell  into  disuse  and  became  subject  to  biodeterioration  by  insects 
and  microorganisms.  The  timber  was  mined  by  wood-boring  insects  including  shot  hole, 
round  headed,  and  anobiid  wood  borers.  In  addition  most  fibers  of  the  logs  were  heavily 
degraded  by  white  rot  fungi  and  to  a  lesser  extent  by  soft  rot  fungi.  El  Capote  cabin  is 
being  restored,  with  inclusion  of  new  elm  logs  where  needed,  at  the  Ranch  Headquarters 
of  the  Museum  of  Texas  Tech  University  in  preparation  for  the  1976  American  Revolu¬ 
tion  Bicentennial  Celebration. 

INTRODUCTION 

In  February  of  1969,  3  people  pushed  their  way  through  heavy  underbrush 
to  a  ruined  log  cabin  on  the  banks  of  the  Guadalupe  River  20  mi.  w.  of  Gon¬ 
zales,  Texas.^  One  of  them  was  Gilbert  M.  Denman,  Jr.,  whose  grandmother 
had  told  him  long  ago  that  the  cabin  was  the  original  headquarters  of  the  his¬ 
toric  Capote  Ranch.  The  other  2  were  Dr.  and  Mrs.  W.  C.  Holden,  Co-chair¬ 
men  of  a  committee  that  was  planning  an  outdoor  museum  of  ranching  his¬ 
tory  at  the  Museum  of  Texas  Tech  University  in  Lubbock.  The  Holdens  were 
searching  for  a  series  of  ranch  buildings  that  would  represent  each  major  phase 
of  western  American  ranching  history,  from  the  industry’s  birth  in  17th  cen¬ 
tury  South  Texas  to  its  heyday  in  the  “Cattle  Kingdom”  of  the  late  19th  and 
early  20th  century  throughout  the  American  West.  Eventually  20  historic 
structures,  ranging  from  dugouts  to  sturdy  stone  buildings  are  to  be  assembled 
into  a  project  known  as  the  Ranch  Headquarters,  scheduled  for  completion  in 
time  to  participate  in  the  1976  American  Revolution  Bicentennial  Celebration. 

Although  El  Capote  Cabin  was  in  an  advanced  state  of  disintegration,  its 
historical  significance  was  deemed  sufficient  to  qualify  it  for  inclusion  in  the 


1  Present  address:  National  Register  of  Historic  Places,  National  Park  Service, 
Washington,  D.C. 

2Exact  location:  970  45’  30”  W,  29°  30’  10”  N 
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Ranch  Headquarters  master  plan.  By  the  time  the  cabin  was  moved  to 
Lubbock  in  August,  1970,  research  related  to  its  restoration  was  well  under 
way,  although  much  remained  to  be  done. 

HISTORY 

El  Capote  Ranch  came  into  being  November  4,  1828  when  the  Mexican 
State  of  Coahuila  y  Texas  set  aside  6  leagues  of  land  in  De  Witt’s  Colony  for 
Jose  de  La  Baume,  who  secured  full  title  4  years  later  (Rather,  1904).  The 
origin  of  the  name  “El  Capote”  is  uncertain,  but  it  probably  stems  from  the 
Capote  Hills,  a  high  area  a  short  distance  southwest  of  the  cabin,  and  from  a 
flowing  spring  of  the  same  name.  De  La  Baume  had  been  born  in  1732,  the 
eldest  son  of  the  Count  de  La  Baume  in  the  Province  of  Avignon,  France.  A 
veteran  of  the  American  Revolution,  he  had  lived  in  San  Antonio  de  Bejar 
since  1800.  In  his  will,  dated  April  4,  1834,  but  not  probated  until  June  25, 
1844,  de  La  Baume  left  2  leagues  of  the  Capote  Ranch  to  one  son  and  one 
league  each  to  4  other  children.  A  short  time  before  the  will  was  probated,  de 
La  Baume’s  heirs  began  the  process  of  transferring  the  property  to  Michael 
Erskine. 3 

Erskine  was  born  near  Union,  Virginia  (now  West  Virginia)  on  January  9, 
1794.  He  moved  to  Texas  from  Mississippi  in  1839,  and  to  Gonzales  County  in 
1840.  After  purchasing  the  Capote  Ranch,  he  quickly  became  a  leader  in  local 
affairs,  and  when  Guadalupe  County  was  organized,  he  was  elected  chief  jus¬ 
tice.  In  1854  Erskine  drove  a  herd  of  cattle  from  the  Capote  Ranch  to  Califor¬ 
nia  (Bell,  1932).  Erskine  made  money  on  his  cattle  drive,  but  apparently  got 
California  gold  fever  and  lost  the  money  in  an  attempt  at  mining.  He  returned 
to  El  Capote,  in  1859,  drove  another  herd  to  New  Orleans,  and  died  on  the 
return  trip  in  1862.  A  probate  court  set  aside  200  acres,  including  the  site  of 
the  cabin,  as  the  homestead  of  Erskine’s  widow  (Webb,  et  al.,  1952;  Moellering, 
1938;  Erskine,  1928).4 

It  has  been  surmised,  although  certainly  not  proven,  that  the  cabin  may  have 
been  built  by  French  Smith,  a  leading  citizen  in  the  early  days  of  Guadalupe 
County.  The  abstract  on  the  property  indicates  that  by  a  deed  of  relinquish¬ 
ment  on  February  8, 1845,  Smith  converted  to  Erskine  “all  my  right,  title  and 
interest  to  the  six  leagues  commonly  called  the  Capote  in  the  said  County  of 
Gonzales,  either  in  law  or  equity  and  do  by  these  presents  put  him  into  full  and 
free  possession  of  all  my  improvements  made  upon  the  same  in  every  manner 
whatsoever,  together  with  the  houses,  outhouses,  cribs,  stables,  cowpens, 

^Gilbert  M.  Denman,  “Memo  on  Old  Log  Cabin  on  Capote  Ranch,”  Unpublished  MS 
in  possession  of  The  Museum  of  Texas  Tech  University.  Military  Service  Record, 
Joseph  de  La  Baume  (R2856,  Revolutionary  War)  National  Archives,  Washington,  D.  C. 

^Unpublished  historical  sources:  Denman,  G.M.,  “Memo”,  as  cited;  Erskine,  B.H., 
Sn.,  “Alexander  Madison  Erskine,”  Unpublished  MS  dated  July  20,  1926,  copy  in 
possession  of  the  Museum  of  Texas  Tech  University. 
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chicken  coops,  etc.  and  he,  the  said  Erskine,  has  the  right  to  use  them  and 
occupy  them  for  his  own  use  and  benefit,  and  I  do  further  agree  and  bind  my¬ 
self  all  interest  which  I  have  heretofore  made  upon  said  six  leagues  of  land 
which  is  known  as  land  belonging  to  the  estate  of  Jose  de  La  Baume,  de¬ 
ceased.”  This  is  the  earliest  known  reference  to  improvements  on  El  Capote, 
hence  the  supposition  that  the  cabin  may  have  been  constructed  by  Smith. 
This  gentleman’s  name  has  not  been  discovered  elsewhere  in  the  deed  records. 
He  appears  to  have  been  a  tenant  or  leesee,  or  he  may  have  held  some  compet¬ 
ing  claim  to  the  property. ^ 

By  1897,  after  several  changes  of  ownership,  the  Capote  had  come  into  the 
hands  of  Texas  Supreme  Court  Justice  Leroy  Gilbert  Denman,  whose  heirs 
donated  the  cabin  to  Texas  Tech  University  for  restoration  at  the  Ranch  Head¬ 
quarters.  After  1891,  the  cabin  was  the  home  of  tenant  farmers  who  worked  El 
Capote  lands.  It  continued  in  this  use  until  1934,  after  which  it  was  used  to 
store  corn  and  hay,  and  was  gradually  allowed  to  fall  into  ruin. 

Capote  Road,  a  well-used  route  between  Gonzales  and  San  Antonio,  via 
Seguin,  ran  through  the  Capote  Ranch.  A  number  of  Early  travelers  noted  in 
their  journals  the  exceptional  beauty  of  the  area.  It  was  common  practice  for 
travelers  to  purchase  food  and  lodging  from  settlers  along  the  road  .  William 
Bollaert  spent  the  night  of  September  16,  1843  at  El  Capote  with  Michael 
Erskine  as  his  host.  Bollaert  commented  upon  the  beauty  of  the  Guadalupe 
River  and  upon  the  nature  of  the  land  from  its  banks  to  the  heights  of  the 
Capote  Hills.  He  remarked  about  meeting  a  band  of  Lipan  Indians  here,  and 
noted  the  abundance  of  wild  chiltipiquin  (Hollon  and  Butler,  1956;  Inglis, 
1964). 

WOOD  ANATOMY 

Research  into  the  history  of  El  Capote  is  continuing,  but  restoration  of  the 
log  cabin  required  studies  of  a  biological  nature.  When  first  encountered,  the 
structure  was  in  an  advanced  state  of  deterioration.  A  few  logs  were  decom¬ 
posed  beyond  repair  and  it  would  be  necessary  to  determine  their  genus  and 
species  in  order  to  secure  new  logs  for  replacements.  Furthermore,  the  utmost 
care  had  to  be  exercised  to  halt  the  decomposition  of  the  remaining  portions. 

Initial  examination  revealed  vessel  members  on  cross  sectional  timber  sur¬ 
faces  indicating  that  the  cabin  was  constructed  of  hardwood  logs.  Two  logs 
were  selected  for  detailed  anatomical  study  in  order  to  facilitate  identification 
of  the  timber  by  a  microscopic  key  for  hardwoods  (Brazier  and  Franklin, 
1961).  Thin  sections  of  wood  were  cut  on  a  sliding  microtome  in  the  cross  sec¬ 
tional  plane  as  well  as  along  the  grain  in  the  tangential  and  radial  planes.  Sof¬ 
tening  of  wood  prior  to  microtomy  was  unnecessary  since  the  pieces  examined 
were  already  considerably  deteriorated  due  to  attack  by  insects  and  micro- 


^“Abstract  prepared  for  Judge  L.  G.  Denman,  September,  1897  with  additional  papers, 
October,  1898.”  Copy  in  possession  of  Gilbert  M.  Denman,  Jr.,  San  Antonio. 
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organisms.  Wood  sections  were  stained  with  toluidine  blue  and  mounted  in 
Permount  for  permanent  record. 

The  following  anatomical  diagnosis  was  made  on  both  of  the  logs  exam¬ 
ined:  (1)  Vessel  members  are  tangentially  arranged,  simply  perforated  and 
spirally  thickened.  (2)  The  mean  tangential  diameter  of  the  first  early  wood 
vessel  members  is  47.5  microns.  A  very  few  vessel  members  are  80-100  microns 
wide.  (3)  Fibers  are  moderately  thick  walled.  (4)  Rays  are  4-6  cells  wide.  Most 
rays  are  homogeneous.  Some,  however,  fit  the  heterogeneous  type  1 1 1  classi¬ 
fication.  (5)  Ray  pits  to  vessel  members  are  small.  (6)  Terminal  axial  paren¬ 
chyma  is  present.  (7)  Axial  parenchyma  is  predominately  paratracheal  and 
scanty.  There  is  a  small  amount  of  diffuse  apotracheal  parenchyma.  (8) 
Growth  layers  are  present.  The  wood  is  diffuse  porous  or  only  very  weakly 
ring  porous. 

The  wood  keys  closely  to  Ulmus  (elm)  of  the  Ulmaceae.  Unlike  most  elms, 
however,  the  wood  is  not  ring  porous.  Only  a  few  conspicuously  wide  vessel 
members  mark  the  initial  early  wood  of  each  growth  layer  (Fig.  1).  In  all 
other  anatomical  features  the  timber  is  closely  identified  with  Ulmus. 

Precise  species  identification  was  made  possible  by  comparison  with  type 
slides  of  elm  from  the  Samuel  J.  Record  Memorial  Wood  Collection  at  the 
Forest  Products  Laboratory  in  Madison,  Wisconsin.  The  El  Capote  woods 
were  compared  with  U.  data  (winged  elm),  U.  americana  (American  elm), 
U.  crassifolia  (cedar  elm)  and  U.  fulva  (slippery  elm),  all  of  which  grow  in  the 
Guadalupe  River  region  east  of  San  Antonio,  Texas.  Examination  of  Figures  1 
and  2  suggests  that  the  timber  used  in  the  El  Capote  cabin  is  that  of  U.  alata. 
In  both  the  El  Capote  woods  and  the  U.  alata  type  slide  only  a  faint  ring  po¬ 
rosity  is  evident.  Also  the  tangential  diameters  of  the  first  early  wood  vessel 
members  are  similar  (55.5  microns  for  the  U.  alata  type  slide,  47.5  microns 
for  the  El  Capote  logs).  This  is  considered  to  be  a  close  fit  because  vessel 
member  width  fluctuates  somewhat  from  year  to  year  according  to  variable 
environmental  conditions  affecting  crown  growth.  Finally,  and  most  impor¬ 
tantly,  when  compared  according  to  the  Brazier  and  Franklin  key  exactly  the 
same  diagnosis  is  found  for  both  the  U.  alata  type  slide  and  the  El  Capote 
woods.  The  latter  are  identified  unequivocally  as  U.  alata ,  the  winged  elm.  U. 
alata  is  a  large,  commercially  valuable  tree,  that  grows  in  gravel  and  sandy 
soils  in  South  Texas  (Van  Dersal,  1938). 

The  growth  layers  of  the  2  logs  studied  are  variable  in  width  .  In  one  log 
the  growth  layers  are  uniformly  wide,  indicating  that  the  tree  was  adequately 
supplied  with  water  throughout  the  growing  season.  The  growth  layers  of  the 
2nd  log,  by  contrast,  are  narrow.  Some  are  even  discontinuous  around  the  log 
(Fig.  1),  indicating  that  only  an  arc  or  lens  of  wood  is  produced  during  the 
growing  season.  This  tree  must  have  grown  on  a  relatively  dry  site  with  the 
thickness  of  each  growth  layer  reflecting  a  fluctuating,  and  generally  growth- 
limiting  water  supply.  Obviously  the  timber  used  in  construction  was  cut 
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Fig.  1.  Photomicrograph  of  transverse  section  of  El  Capote  Timber  identified  as 
Ulmus  data,  winged  elm.  The  tree  grew  on  a  site  where  the  water  supply  was  irregular 
and  frequently  growth  limiting.  Arrows  point  to  the  margins  of  a  lens  (partial  growth 
layer).  V  =  vessel  member.  X70. 

Fig.  2.  Photomicrograph  of  wood  of  Ulmus  alata  type  slide.  Vessel  members  in 
Figs.  1  and  2  are  similar  in  diameter.  Transverse  section.  X70 
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from  both  bottomland  (moist)  and  upland  (dry)  sites.  This  is  to  be  expected 
because  of  the  location  of  the  cabin  between  the  Guadalupe  River  and  the 
Capote  Hills. 

DEGRADATION  BY  INSECTS  AND  FUNGI 

In  order  to  make  useful  suggestions  for  preservation,  studies  were  made  on 
the  biodeterioration  of  the  winged  elm  logs  used  in  the  original  structure. 
Initial  observations  showed  that  a  large  number  of  the  logs  had  been  intensive¬ 
ly  mined  by  wood  boring  insects.  Tunnels  were  140  mm  wide  and  some  logs 
were  so  permeated  that  they  were  unsuitable  for  restoration  purposes.  In  gen¬ 
eral  wood  boring  insects  attack  timber  in  search  of  the  carbohydrate  contents 
of  the  axial  and  ray  parenchyma  of  the  sapwood.  Other  borers  utilize  the  cel¬ 
lulose  of  the  woody  cell  wall  itself  as  a  food  source. 

It  was  apparent  that  the  cabin  timbers  contained  2  distinct  mine  systems, 
both  with  oval  or  circular  tunnels,  indicating  that  the  wood  had  been  attacked 
by  at  least  2  different  kinds  of  insects.  The  passageways  of  one  network  were 
each  from  5-10  mm  wide  whereas  in  the  2nd  system  the  tunnels  were  1-2  mm 
in  diameter.  The  larger  tunnels  were  packed  with  a  cakey  frass  which  upon 
slight  probing  under  water  disintegrated  into  a  coarse  powder  (Fig.  3).  Frass 
of  this  consistency  and  the  large  tunnels  in  which  it  occurs  is  characteristic  of 
shot  hole  borers  (Bostrichidae)  and  round  headed  borers  (Cerambycidae)  (St. 
George,  1970).  The  larvae  of  these  insects  actively  mine  hardwoods  and  are  se¬ 
vere  economic  pests  in  the  Eastern  United  States.  By  contrast  the  small  mine 
network  was  tightly  packed  with  frass  consisting  of  distinctively  square  or  cy¬ 
lindrical  pellets.  Each  pellet  is  coherent  in  water  and  not  easily  disintegrated 
even  with  considerable  probing  (Fig.  4).  Frass  of  this  texture  and  the  narrow 
passageways  in  which  it  occurs  is  characteristic  of  the  family  Anobiidae  (Koll- 
mann  and  Cote,  1968).  Beetles  of  this  type  attack  both  the  sapwood  and  heart- 
wood  destroying  cell  wall  polysaccharides  because  of  enzymes  produced  in 
their  mid-gut. 

Examination  of  microscope  slides  used  in  identification  revealed  that  the 
logs  had  been  severely  attacked  by  a  number  of  wood-destroying  fungi.  These 
organisms  degrade  cellulose  and/or  lignin  utilizing  the  carbohydrate  fraction 
primarily  as  a  food  source.  Some  wood-destroying  fungi  (eg.,  a  few  white  rots) 
can  even  utilize  lignin  as  their  sole  carbon  source  (Kirk,  1971). 

Many  wood  fibers  (Fig.  5,  F)  had  been  eroded  centrifugally,  that  is,  from 
the  lumen  side  outward  indicating  clearly  the  presence  of  white  rot  fungi  in 
the  timber.  Centrifugal  erosion  of  the  fiber  cell  wall  is  caused  by  the  produc¬ 
tion  of  enzymes  (by  hyphae  in  the  lumen)  which  digest  both  cellulose  and  lig¬ 
nin  simultaneously,  leading  to  a  gradual  thinning  of  the  wall  substance  (Kall¬ 
mann  and  Cote,  1968).  Evidence  of  white  rot  degradation  occurs  throughout 
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Fig.  3.  Powdery  frass  packed  into  the  large  tunnel  network  is  characteristic  of  both 
shot  hole  and  round  headed  wood-boring  insects.  XI 1. 

Fig.  4.  Pellet-like  frass  found  in  the  small  tunnel  network  indicates  the  presence  of 
anobiid  wood  borers.  XI 1 . 

Fig.  5.  Progressive  thinning  of  the  cell  wall  from  the  lumen  outward  shows  that  some 
fibers  (F)  have  been  attacked  by  white  rot  fungi.  Transverse  section.  X900. 
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the  2  logs  examined 

A  small  number  of  fibers  are  characterized  by  decay  of  a  2nd  type  with 
distinct  cavities  occurring  within  the  secondary  wall  (Fig.  6,  arrow).  As  viewed 
along  the  grain  these  cavities  are  diamond  shaped  or  cylindrical  with  conical 
ends  (Figs.  7,8).  Cell  wall  deterioration  of  this  characteristic  morphology  is 
due  to  soft  rot  fungi  (Liese,  1970;  Levy,  1965).  They  attack  wood  with  high 
moisture  content  with  the  deterioration  being  limited  largely  to  the  outer  lay¬ 
ers  of  the  exposed  timber.  This  type  of  deterioration  is  not  unexpected  con¬ 
sidering  the  high  humidity  that  prevails  in  South  Texas  during  the  spring  and 
summer  months.  These  observations  indicate  that  the  fiber  component  of  the 
winged  elm  logs  has  been  intensively  degraded  by  white  rot  fungi  and  less 
thoroughly  so  by  soft  roters. 


PRESERVATION 

In  1970  when  the  cabin  was  initially  examined  the  logs  still  contained  wood 
destroying  beetles.  In  addition,  and  probably  of  more  serious  concern,  the 
timbers  were  permeated  by  white  rot  fungi,  many  perhaps  living,  as  seen  by 
numerous  bore  holes  (containing  hyphae)  between  fibers  as  well  as  between 
fibers  and  parenchyma  cells  (Fig.  9).  This  suggested  that  active  biodeteriora¬ 
tion  was  still  in  progress  at  the  time  of  acquisition. 

For  restoration  and  display  it  was  necessary  first  to  kill  existing  wood  des¬ 
troying  insects  and  fungi  and  then  to  prevent  their  future  ingress.  The  logs 
were  therefore  treated  with  a  5%  solution  of  pentachlorophenol  in  petroleum 
distillate  (Penta)  which  proved  to  be  both  a  good  fungicide  and  insecticide.  To 
achieve  an  adequate  kill  the  logs  were  soaked  in  pentachlorophenol  for  periods 
of  one  hour  or  less.  It  should  be  noted  that  in  heavily  deteriorated,  dry  tim¬ 
ber,  penetration  by  preservatives  is  much  more  easily  achieved  than  with  more 
sound  wood. 

Since  the  plan  calls  for  restoration  of  the  El  Capote  cabin  for  outdoor  dis¬ 
play  it  is  essential  to  seal  all  wood  surfaces  after  insects  and  fungi  initially 
present  have  been  poisoned.  This  entails  sealing  both  the  original  outside  sur¬ 
face  of  the  logs  as  well  as  all  internal  surfaces  exposed  by  insect  mines,  eg., 
where  frass  has  fallen  out.  Future  ingress  of  spores  into  the  wood  is  thereby 
limited  and,  the  deposition  of  eggs  by  wood-destroying  beetles  in  cracks,  old 
insect  mines  and  severed  vessels  is  inhibited.  For  this  purpose  research  is  con¬ 
tinuing  and  experimentation  is  now  underway  to  determine  the  usefulness  of 
an  inoffensive  coating  of  polyurathane. 

CONCLUSION 

The  growing  involvement  of  biologists  and  other  scientists  in  historical 
endeavors  is  a  healthy  trend  in  the  academic  world  of  today.  Historians  have 
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Fig.  6.  Cavities  (arrow)  within  the  S2  layer  of  the  secondary  cell  wall  of  fibers  caused 
by  soft  rot  fungi.  Transverse  section.  X870. 

Fig.  7,8.  Cavities  present  within  the  fiber  cell  wall  (Fig.  6)  are  cylindrical  with  coni¬ 
cal  or  pointed  ends,  indicating  deterioration  by  soft  rot  fungi.  Tangential  longitudinal 
sections,  Nomarski  interference  contrast.  X3000. 

Fig.  9.  Bore  hole  (arrow)  passing  between  ray  parenchyma  cell  (R)  and  fiber  (F). 
Tangential  longitudinal  section,  Nomarski  interference  contrast.  X3000. 
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long  functioned  as  the  keepers  of  the  social  memory  -  the  recorders  and 
teachers  of  man’s  aspirations  and  experiences  in  the  past.  But  when  the  histor¬ 
ical  value  takes  the  form  of  a  tangible  structure  or  object,  rather  than  the 
written  word,  physical  and  natural  scientists  must  step  in  to  provide  the  tech¬ 
nology  of  historic  preservation.  At  the  Museum  of  Texas  Tech  University 
academic  integration  of  the  type  described  in  this  article  will  continue.  The 
results  should  be  of  benefit  to  all  disciplines  involved,  and  to  the  museum- 
visiting  public. 
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INTRODUCTION 

It  is  well  established  that  ionizing  radiation  can  produce  anatomical  and 
chromosomal  alterations  in  plant  tissue.  Conger,  et  al.  (1968),  reported  one 
type  of  radiation  injury  in  barley  seeds  which  appeared  to  be  independent  of 
oxygen  and  radiation-induced  free  radicals.  This  type  of  damage  could  be 
|  eliminated  if  water  was  added  to  the  system  following  irradiation.  This  study 
i  was  initiated  to  investigate  the  effect  of  gamma  irradiation  and  the  post  irradi¬ 
ation  washing  on  the  anatomical  structures  of  the  Fenugreek  leaf,  Trigonella 
s  foenum-graecum  L. 

Histological  studies  of  irradiated  leaves  show  various  alteration  in  arrange¬ 
ment  and  in  size  of  palisade  cells  (Haber,  1962;  Noguchi,  1935;  Sybenga,  1963) 
enlargement  of  the  spongy  mesophyll  cells  and  wider  intercellular  spaces 
(Gunckel  and  Sparrow,  1954). 

Radiation  can  also  produce  distortion  in  vascular  tissue.  Taylor  (1968) 
reported  phloem  cells  were  relatively  unaffected,  but  the  xylem  tissue 
appeared  to  be  distorted  in  the  leaves  from  irradiated  sequoia  trees. 

MATERIALS  AND  METHODS 

Fenugreek  seeds  were  divided  into  3  treatments; the  controls,  and  2  groups 
receiving  15 ,000R  and  30,000R  of  gamma  radiation  from  a  cobalt-60  source 
(dose  rate  900  R/min).  One-half  of  the  seeds  in  each  treatment  were  given 
i  post -irradiation  washing  treatment  for  24  hours  under  running  tap  water.  The 
other  half  was  hydrated  with  distilled  water  within  10  min.  The  seeds  were 
planted  in  growth  pouches  and  placed  in  growth  chambers  under  near  optimal 
environmental  conditions,  15  C  during  an  8 -hour  night  and  25  C  during  a  16- 
hour  day  with  light  intensity  of  24  kilolux. 

At  14,  21,  and  28  days  from  planting,  the  first  leaves  were  collected  from 


*  Abstracted  from  a  dissertation  submitted  by  the  first  author  in  partial  fulfillment  of 
the  requirements  for  the  Degree  of  Doctor  of  Philosophy  in  the  graduate  school  of  the 
Texas  Woman’s  University. 
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the  seedlings.  The  leaves  were  fixed  in  FAA  solution  and  stored  in  70% 
alcohol  (Sass,  1958).  The  leaves  were  dehydrated,  infiltrated  in  a  tertiary -butyl 
alcohol  series  and  embedded  in  paraplast.  Cross  sections  were  cut  10  microns 
thick  and  stained  with  safranin  0  and  fast  green.  Using  a  camera  and  micro¬ 
scope,  photos  were  taken  of  a  slide  micrometer  and  of  the  leaf  cross-sections 
from  the  various  treatments.  All  negatives  were  of  the  same  magnification  and 
were  developed  and  enlarged  following  standard  procedures. 

The  photograph  of  the  slide  micrometer  served  as  a  scaler  in  measuring  in 
microns  the  various  cells  in  the  leaf  photographs.  Measurements  were  made 
100  to  300  microns  to  one  side  of  the  leafs  main  vein.  Individual  cells  were 
then  measured  within  a  200  micron  section. 

Measurements  included  length  and  width  of  upper  and  lower  epidermal 
cells  and  palisade  cells,  diameters  of  xylem,  phloem,  and  spongy  mesophyll 
cells.  Vascular  bundles  within  the  measured  area  were  considered  as  circular 
and  their  diameters  calculated.  After  determining  the  total  area  of  the 
measured  cross-section  and  the  total  area  of  the  cells  within  this  region,  it  was 
possible  to  calculate  the  area  of  the  leaf  taken  up  by  inter-cellular  spaces. 

RESULTS 

The  30,000R  treatment  produced  detrimental  effects  on  leaf  anatomy  of 
the  seedlings.  There  was  a  decrease  in  size  of  the  spongy  mesophyll  cells, 
xylem,  and  phloem  cells  (Tables  1-3  and  Figs.  1-6).  The  irradiated  seeds  given 
the  washed  treatment  produced  seedlings  with  no  significant  damage  which 
could  be  attributed  to  the  washing  effect. 

Anatomical  study  of  leaves  from  the  15,000R  treatment  showed  injury 
similar  to  the  damage  resulting  from  the  higher  dose  of  irradiation,  except 
with  the  lower  dose,  the  washing  treatment  was  a  factor  influencing  the  pro¬ 
duction  of  xylem  cells  with  larger  diameters  and  increasing  the  size  of  the 
inter-cellular  spaces  (Tables  1-3  and  Figs.  3,4,  7). 

When  the  non-irradiated  seeds  were  washed,  the  seedlings,  as  they  grew 
older,  had  shorter  epidermal  cells  but  the  opposite  was  true  for  the  growth 
pattern  of  the  xylem  cells  (Tables  1-3  and  Figs.  3,  4,  9,  10,  11,  12).  The 
washing  effect  tended  to  increase  the  length  but  decrease  the  width  of  the 
palisade  cells  (Tables  1-3  and  Figs.  13,  14,  13A,  14A)  in  the  controls,  but 
decrease  them  in  the  irradiated  groups.  The  effect  of  both  radiation  and  wash¬ 
ing  on  the  diameter  of  vascular  bundles  was  irregular  at  the  various  ages  (Figs. 
15,  16).  At  14  days,  there  was  a  size  reduction  in  the  vascular  bundles  in  the 
irradiated  groups.  With  advance  of  age,  the  vascular  bundles  tended  to  increase 
in  the  irradiated  groups  and  to  decrease  in  the  unirradiated  controls.  The 
washed  groups  demonstrated  decreased  diameters  in  their  vascular  bundles 
(Tables  1-3  and  Figs.  15  and  16.) 
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FENUGREEK  BEAN  SEEDLINGS 
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*  Microns  square 

**  Values  are  average  of  5  leaves  ±  S.E. 
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FIGURE  1 
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Figs.  1  and  2.  Diameter  of  the  spongy  mesophyll  cells  in  microns  from  leaves  of  the 
Fenugreek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  3  and  4.  Diameter  of  the  xylem  cells  in  microns  from  leaves  of  the  Fenugreek 
bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the  abscissa 
indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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FIGURE  5 


FIGURE  6 
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Figs.  5  and  6.  Diameter  of  the  phloem  cells  in  microns  from  leaves  of  the  Fenugreek 
bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the  abcissa 
indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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The  leaf  thickness  was  generally  increased  as  a  result  of  irradiation  (Tables 
1-3  and  Figs.  17  and  18)  during  all  ages.  Washing  had  a  modifying  effect  to 
radiation  at  the  early  age. 

DISCUSSION 

The  variable  radiation  effect  on  epidermal  leaf  cells  is  apparently  related  to 
seedling  age  causing  short  lower  epidermal  cells  in  the  young  and  showing  no 
effect  on  the  more  mature  leaf  cells.  The  older  cells,  having  longer  time  to  re¬ 
pair  the  irradiation-induced  injury,  recovered  so  that  no  effect  was  noticed. 
This  variation  in  size  of  epidermal  cells  are  in  line  with  statements  made  by 
Gunckel  and  Sparrow  (1954)  reporting  irregular  epidermal  cell  size  as  a  result 
of  irradiation. 

Although  elongation  of  palisade  cells  was  reported  as  a  result  of  irradiation 
by  Gunckel  (1957)  and  Noguchi  (1935),  wider  and  shorter  palisade  cells  were 
reported  by  Sybenga  (1963)  who  indicated  that  as  a  result  of  irradiation  the 
palisade  may  resemble  the  spongy  cells.  The  shortening  of  the  palisade  cells  of 
fenugreek  leaves  in  the  washed  irradiated  groups  may  indicate  a  relationship 
between  radiation  effect  and  the  chloroplast  within  the  palisade  cells 
(Noguchi,  1935).  Cell  enlargement  is  a  function  of  its  osmotic  potential.  Chlo¬ 
roplast  activity  is  involved  in  such  osmotic  value.  It  was  also  noticed  in  some 
instances,  that  there  were  gaps  between  the  cells  making  up  the  palisade  layer 
indicating  a  lack  of  uniformity  during  growth.  Gaps  are  probably  created  by 
the  discrepancy  of  palisade  and  epidermal  cell  enlargement.  Bhatt,  et  al.  (1961) 
attributed  a  decrease  in  leaf  size  of  irradiated  groundnuts  to  a  decrease  in  the 
size  of  palisade  cells.  Disruption  of  the  palisade  cells  in  irradiated  fenugreek 
groups  was  noticed;  such  disruptions  were  reported  by  Gunckel  and  Sparrow 
(1954). 

Sparrow  and  Singleton  (1953)  cited  an  irradiation  effect  on  plant  cells  that 
caused  an  enlargement  of  the  mesophyll  cells.  In  this  investigation,  irradiated- 
washed  seeds  produced,  in  most  instances,  plants  whose  leaves  had  smaller 
spongy  mesophyll  cells  than  those  from  the  unirradiated-washed  treatments. 
Such  variations  in  response  are  probably  due  to  differences  in  experiment¬ 
al  conditions. 

Bostrack  and  Sparrow  (1969)  revealed  both  an  increase  and  a  decrease  in 
the  amount  of  vascular  tissue  in  irradiated  plants.  The  factor  which  determined 
the  degree  of  vascular  tissue  change  was  related  to  radiosensitivity  of  the  par¬ 
ticular  plant  species.  In  fenugreek  both  radiation  and  washing  had  a  great 
influence  on  the  production  of  small  xylem  and  phloem  cells;  although,  gen¬ 
erally  the  effect  was  seen  more  in  the  younger  seedlings.  This  effect  on  the 
younger  seedlings  is  to  be  expected  since  xylem  tissue  is  not  as  well  developed, 
that  is  the  cell  wall  of  the  xylem  has  not  reached  the  thickness  it  will  have 
when  the  plant  is  older.  Taylor  (1968)  described  the  normal  arrangement  of 
xylem  cells  in  the  vascular  bundles  of  irradiated  sequoia  leaves.  The  xylem 
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Figs.  7  and  8.  Area  of  inter-cellular  spaces  in  microns  square  from  the  leaves  of  Fenu¬ 
greek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  9  and  10.  Length  of  the  upper  epidermal  cells  in  microns  from  the  leaves  of  the 
Fenugreek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  9  A  and  10  A.  Width  in  microns  of  the  upper  epidermal  cells  from  leaves  of  the 
Fenugreek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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FIGURE  12 


Figs.  11  and  12.  Length  of  the  lower  epidermal  cells  in  microns  from  the  leaves  of  the 
Fenugreek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  11 A  and  12  A.  Width  of  the  lower  epidermal  cells  in  microns  from  the  leaves  of 
Fenugreek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  13  and  14.  Length  of  the  palisade  cells  in  microns  from  the  leaves  of  the  Fenu¬ 
greek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  13A  and  14 A.  Width  in  microns  of  the  palisade  cells  from  Fenugreek  bean  leaves 
from  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the  abscissa 
indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  15  and  16.  Diameter  in  microns  of  the  vascular  bundles  of  leaves  from  Fenu¬ 
greek  bean  seedlings  at  various  ages  with  indicated  treatments.  Vertical  lines  on  the 
abscissa  indicate  the  least  significant  difference  between  two  treatments  at  the  5%  level. 
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Figs.  17  and  18.  Thickness  in  microns  of  the  Fenugreek  bean  leaves  from  seedlings 
at  various  ages  with  indicated  treatments.  Vertical  lines  on  the  abscissa  indicate  the  least 
significant  difference  between  two  treatments  at  the  5%  level. 


IRRADIATED  FENUGREEK  LEAVES 


33 


and  phloem  arrangement  in  the  main  veins  of  the  fenugreek  leaves  showed  the 
organization  of  the  phloem  to  be  relatively  unaffected  by  irradiation,  but  in  4 
of  60  surveyed  samples,  the  xylem  tissue  was  divided  either  vertically  or  hori¬ 
zontally  with  parenchyma-type  cells  infused  into  the  area  of  xylem  cells.  This 
distortion  of  the  xylem  from  its  normal  row  files  can  possibly  be  attributed 
to  the  radiation  effect  on  differentiation  of  the  xylem  cells  and  to  the 
surrounding  parenchyma  cells  exerting  pressure  on  the  xylem  tissue.  If  a 
group  of  procambial  cells  within  the  vascular  bundle  is  damaged  more  than 
others  by  irradiation,  they  would  be  inhibited  from  differentiation.  They 
would  remain  parenchymatons  and  cause  such  infusion  between  the  xylem 
cells. 

The  tendency  of  fenugreek  leaves  to  thicken  with  irradiation  is  in  agree¬ 
ment  with  previous  reports.  Sparrow  and  Singleton  (1953)  attributed  leaf 
thickening  to  cell  proliferation,  enlargement,  and  pulling  apart.  Leaf  thicken¬ 
ing  in  Antirrhinum  increased  with  radiation  dose,Gunckel  and  Sparrow  (1954). 
The  process  of  washing  a  seed  under  running  water  resulted  in  thicker  leaves  in 
young  seedlings  which  became  thinner  as  compared  to  the  unwashed,  as  the 
seedlings  grew  older.  Such  an  effect  of  washing  was  not  paralleled  in  the  irra  - 
diated  groups. 

The  discrepancies  in  anatomy  between  the  irradiated,  washed,  and  controls 
structures  appear  to  be  a  result  of  physiological  changes  which  in  turn  are 
manifestations  of  chromosomal  changes.  Gunckel  and  Sparrow  (1961)  showed 
that  anatomical  changes  induced  by  exposure  to  ionizing  irradiation  are 
accompanied  by  physiological  changes.  Skoog  (1935)  suggested  that  low  doses 
of  irradiation  might  disturb  the  activity  of  certain  enzymes  involved  in 
the  synthesis  of  auxins.  Rate  of  mitotic  activity  may  be  slowed  down  by  irra¬ 
diation  as  shown  by  Clawes  and  Hall  (1966).  Even  if  irradiation  damage  com¬ 
pletely  stops  meristematic  cell  division,  they  continue  to  enlarge  and  differen¬ 
tiate  (Ford  and  Haber,  1961;  Haber,  1962).  A  balance  between  the  rate  of 
cell  enlargement  and  rate  of  metabolic  activity  apparently  results  in  a  differen¬ 
tial  overall  rate  of  growth  and  differentiation  for  each  tissue,  possibly  for  each 
cell  within  a  tissue. 
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ABSTRACT 

From  December,  1966  to  October,  1967,  7,106  fish  were  collected  by  gill  nettings, 
electro  fishing  and  hook  and  line  methods  from  Benbrook  Lake,  Tarrant  County,  Texas. 
A  total  of  1,422  white  crappie,  Pomoxis  annularis  Rafinesque,  were  collected.  Stomachs 
of  921  of  these  fish  were  analyzed.  Threadfin  shad,  Doroso ma  petenense  (Gunther),  was 
found  to  be  the  predominant  food  consumed  by  white  crappie,  constituting  96.2%  of  the 
total  volume  of  food.  Insect  larvae  were  the  next  most  important  food  item.  There 
appeared  to  be  an  inverse  relationship  between  utilization  of  threadfin  shad  and  in¬ 
sect  larvae  as  food.  A  relationship  existed  between  food  availability  and  general  activity 
of  white  crappie.  Temperature  appeared  to  delimit  the  maximum  size  of  the  daily  meal. 
Smaller  fish  tended  to  consume  more  food  per  body  weight  than  larger  fish.  White 
crappie  appeared  to  feed  very  little  or  none  at  all  during  the  daylight  hours. 

Two  distinct  but  separate  feeding  patterns  were  observed.  During  mid-  and  late  sum¬ 
mer,  a  “straight  line”  feeding  pattern  was  noted.  Fish  began  to  feed  at  dusk  and  contin¬ 
ued  to  feed  sporadically  throughout  the  night,  reaching  a  peak  about  dawn.  For  the  rest 
of  the  study  period,  a  dicyclic  feeding  pattern  with  peaks  at  dusk  and  dawn  was  dis¬ 
cerned.  Two  possible  reasons  for  a  “straight  line”  feeding  pattern  are:  visual  acuity  of 
white  crappie  is  better  than  generally  assumed  and  possibly  other  sensory  organs  aid  in 
food  gathering  during  periods  of  low  light  intensity. 

Condition  values  (K)  represented  no  unusual  pattern.  Spring  loss  of  condition  appear¬ 
ed  due  to  lack  of  sufficient  food.  Approximately  8.5%  of  white  crappie  collected  in  gill 
nets  were  infected  with  lymphocystis.  Incidence  of  disease  was  highest  in  summer  and 
lowest  in  winter  and  spring.  Diseased  fish  weighed  3-9%  less  than  healthy  fish  of  the 
same  length.  No  significant  difference  was  noted  in  the  type  or  amount  of  food  con¬ 
sumed  by  healthy  or  diseased  fish. 

More  information  is  needed  on  the  relationship  between  predator  and  prey  before 
feeding  patterns  and  feeding  cycles  can  be  accurately  described. 

INTRODUCTION 

In  the  early  years  of  fishery  research,  many  investigators  studied  the  kinds 
and  amounts  of  fish  found  in  stomachs  of  freshwater  fishes  (Forbes  and 


1  This  investigation  was  supported  by  the  Sport  Fishing  Institute  and  Texas  Christian 
University  Research  Foundation  Grants. 
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Richardson,  1920;  Adams  and  Hankison,  1928).  Recently,  daily  and  seasonal 
feeding  patterns  of  freshwater  fishes  have  become  the  subject  of  extensive 
study.  Childers  and  Shoemaker  (1953)  studied  the  periodicity  of  feeding  in¬ 
tensity  of  white  crappie  (P.  annularis)  in  the  laboratory  and  noted  peaks  of 
feeding  intensity  at  dusk  and  dawn.  Darnell  and  Meierotto  (1962,  1965)  util¬ 
ized  a  combination  of  laboratory  and  field  techniques  in  studying  the  feeding 
chronology  of  the  black  bullhead  ( Ictalurus  melas  (Rafinesque)).  They  ob¬ 
served  a  daily  feeding  pattern  similar  to  one  reported  by  Childers  and  Shoe¬ 
maker  (1953).  Winter  feeding  habits  of  the  bluegill  and  yellow  perch  were  in¬ 
vestigated  by  Moffett  and  Hunt  (1943).  They  detected  a  significant  variation 
in  amounts  of  food  found  in  those  specimens  collected  during  winter  months 
and  those  collected  in  summer.  Seaburg  and  Moyle  (1964)  investigated  sum¬ 
mer  feeding  habits  of  eight  species  of  warm  water  fishes  in  Minnesota.  Food 
consumption  was  greatest  in  early  summer  and  decreased  in  late  summer. 
Keast  and  Welsh  (1968)  studied  the  feeding  patterns  of  some  fishes  in  Lake 
Opinicon,  Ontario.  A  dicyclic  feeding  pattern  with  well  developed  peaks  and 
troughs  was  noted. 

Many  factors  are  considered  to  influence  feeding  patterns  of  fishes.  Tem¬ 
perature  is  known  to  affect  food  consumption  and  digestion  rate  (Pearse  and 
Achtenberg,  1920;  Markus,  1932;  Baldwin,  1956;  Molner  and  Tolg,  1962). 
Morgan  (1954)  and  Darnell  and  Meierotto  (1965)  suggested  that  light  is  one  of 
the  prime  external  forces  triggering  the  feeding  response  of  fishes.  Hunt 
(1960)  suggested  that  digestion  rate  of  fish  varies  with  general  activity. 
According  to  Hansen  (1951)  and  Hall,  Jenkins  and  Finnell  (1954)  turbidity 
may  affect  the  ability  of  white  crappie  to  secure  food.  Witt  (1957)  reported 
that  white  crappie  infected  with  lymphocystis  weighed  less  than  healthy  fish 
of  the  same  length.  This  suggests  the  possibility  that  feeding  ability  of  white 
crappie  may  be  impaired  by  lymphocystis. 

Hess  and  Rainwater  (1939)  and  Pandian  (1967b)  reported  that  fish  con¬ 
suming  food  items  with  chitinous  exoskeletons  exhibited  a  lower  rate  of  food 
intake  and  a  lower  digestion  rate.  However,  Windell  (1965)  studying  the  blue- 
gill,  observed  no  difference  in  relative  digestibility  of  different  food  items. 

The  degree  of  satiation  may  affect  the  rate  food  passes  from  the  stomach 
into  the  intestine  (Dawes,  1930).  The  sooner  the  second  meal  is  offered  the 
faster  the  first  meal  is  passed  along.  Work  of  Platenburg  (1961)  supports  the 
findings  of  Dawes  (1930).  This  suggests  that  whole  or  partially  digested  food 
items  may  be  passed  into  the  intestines.  Winded  (1965)  found  no  evidence  to 
support  this  contention.  Moore  (1941)  and  Winded  (1965)  found  that  fish 
have  a  definite  appetite,  and  having  consumed  the  maximum  meal,  refuse  ad¬ 
ditional  food.  Degree  of  satiation  appears  not  to  influence  the  rate  of  food 
passage. 

Amount  of  food  consumed  may  influence  the  digestion  rate  of  fish  (Pierce, 
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1936;  Tanaka,  1955).  Barrington  (1957)  suggested  that  smaller  meals  and 
smaller  prey  may  be  expected  to  be  digested  more  rapidly  than  larger  meals 
and  larger  prey.  Work  of  Hunt  (1960)  indicates  that  as  meal  size  is  increased, 
digestion  rate  is  also  increased.  This  coincides  with  findings  of  Windell  (1965). 

Food  intake  and  digestion  rate  vary  with  respect  to  size  and  age  of  fish. 
Pearse  (1924),  Hathaway  (1927),  Seaburg  and  Moyle  (1964)  and  Pandian 
(1967a)  observed  that  smaller  fish  tend  to  consume  a  greater  amount  of  food 
in  relation  to  their  weight  than  larger  fish.  Pandian  (1967a)  reported  that  di¬ 
gestion  rate  and  rate  of  food  intake  decreased  with  increased  body  weight. 
Pandian  attributes  this  to  age  (senility).  Windell  (1965)  notes  no  difference  in 
digestive  rates  of  fishes  of  different  size  and  age. 

It  is  conceivable  that  behavior  patterns  exhibited  by  fish  in  an  artificial  en¬ 
vironment  may  differ  markedly  from  those  patterns  established  in  a  natural 
setting.  Since  most  studies  of  feeding  patterns  of  freshwater  fishes  have  been 
done  in  the  laboratory,  this  investigation  was  initiated  in  an  attempt  to  deter¬ 
mine  the  food,  feeding  habits  and  factors  that  affect  feeding  of  white  crappie 
in  their  natural  habitat.  Utilizing  field  techniques  only,  the  feeding  habits  of 
white  crappie  in  Benbrook  Lake,  Tarrant  County,  Texas,  were  studied  over  an 
eleven-month  period. 

METHODS  AND  MATERIALS 

White  crappie  were  collected  between  December,  1966  and  October,  1967 
using  gill  nets,  electrofishing  gear  and  hook  and  line.  Four  nylon  gill  nets  125 
feet  in  length  were  used.  Two  nets  were  constructed  of  1-inch  bar  mesh  and 
the  other  two  of  1  1/4-inch  bar  mesh.  Electrofishing  gear  consisted  of  a  230 
volt  AC  Homelite  generator  as  a  power  source  and  two  aluminum  electrodes. 

Nets  were  set  in  the  Rocky  Creek-Mustang  Creek  basin  for  periods  of  24 
consecutive  hours.  Nets  were  tended  at  approximately  two  hour  intervals. 
Fish  were  removed  and  the  number  of  each  species  collected  was  recorded. 
White  crappie  were  weighed  to  the  nearest  gram,  measured  and  examined  for 
lymphocystis.  Total  length  to  the  nearest  millimeter  was  recorded  for  all  white 
crappie  collected  during  24-hour  netting  periods.  Standard  length  and  total 
length  to  the  nearest  millimeter  were  recorded  for  all  white  crappie  collected 
during  supplemental  netting.  Total  length/standard  length  conversion  factor 
was  calculated.  Stomachs  were  removed  and  placed  in  10%  formalin  for 
further  study.  Stomach  contents  were  analyzed  using  standard  volumetric 
techniques  (Rousenfell  and  Everhart,  1953).  Food  items  were  separated  into 
four  classes:  fish,  insect  larvae,  plankton  and  miscellaneous  including  plant 
matter  and  unidentifiable  material.  Figures  cited  for  average  stomach  content 
and  frequency  of  occurrence  include  only  those  stomachs  containing  food, 
unless  otherwise  indicated.  Results  were  analyzed  by  volumetric  and  frequency 
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of  occurrence  method  (Rousenfell  and  Everhart,  1953).  Stomach  contents 
were  converted  from  milliliters  to  grams  assuming  a  1 :1  ratio  (Ball,  1948). 

Supplemental  netting  was  also  conducted.  Nets  were  set  in  the  same  loca¬ 
tion  as  for  24-hour  netting  at  dusk  and  retrieved  at  dawn.  Electrofishing 
equipment  was  used  primarily  in  Rocky  Creek  and  Mustang  Creek.  Fish  ob¬ 
tained  by  hook  and  line  were  caught  at  Rocky  Creek  Marine  Boat  dock.  A 
total  of  1 ,392  netting  hours  were  involved  in  this  study. 

The  coefficient  of  condition,  K,  which  represents  the  relative  plumpness  of 

fish  was  computed  using  the  formula:  K  =  — ;  where  W  represents 
weight  in  grams  and  L  represents  standard  length  in  millimeters.  Size  classes 
are  presented  in  terms  of  standard  length. 

Based  on  the  observations  of  reproductive  organs,  white  crappie  with  a 
standard  length  larger  than  165  millimeters  may  be  regarded  as  mature.  White 
crappie  less  than  141  millimeters  in  standard  length  were  regarded  as  immature 
Some  white  crappie  with  a  standard  length  between  141  and  165  millimeters 
exhibited  reproductive  characteristics  of  mature  fish,  while  others  appeared  to 
be  sexually  immature.  This  is  in  agreement  with  work  of  Hansen  (1951),  San¬ 
derson  (1960)  and  Whiteside  (1964). 

Daily  ration  is  used  to  mean  the  daily  meal  expressed  as  a  percentage  of 
fish’s  body  weight  (Ricker,  1946).  Daily  meal  is  defined  as  the  amount  of 
food  ingested  per  day  by  a  fish  (Surber,  1930).  Based  on  the  daily  feeding 
pattern  exhibited  by  white  crappie  in  this  study  it  appears  that  in  mid-  and 
late  summer,  for  sufficiently  large  sample  sizes,  average  stomach  content  at 
dawn  approximates  the  daily  meal,  hence  the  daily  ration. 

OBSERVATIONS 

A  total  of  7,106  fish  representing  16  species  were  collected.  The  predomi¬ 
nant  species  taken  in  gill  nets  were  gizzard  shad,Dorosoma  cepedianum  (Le- 
Sueur),  freshwater  drum,  Aplodinotes  grunniens  Rafinesque,  spotted  sucker, 
Minytrema  melanops  (Rafinesque)  and  white  crappie,  P.  annularis.  Together, 
they  constituted  77%  of  the  total  catch.  Rough  fish  comprised  72%  of  the 
total  catch,  while  game  fish  accounted  for  28%  of  all  fish  collected.  White 
crappie  was  the  predominant  game  fish  (72.44%).  White  crappie  and  fresh¬ 
water  drum  were  most  abundant  during  the  summer  months.  Gizzard  shad  and 
the  spotted  sucker  appeared  more  active  in  cooler  months. 

The  seasonal  changes  in  condition  are  summarized  below. 

Mature  white  crappie 

White  crappie  with  standard  lengths  of  165-188  millimeters  were  considered 
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to  be  mature.  Average  condition  of  values  for  members  of  various  length 
classes  appear  in(Table  I).  Average  K  based  on  a  small  sample  may  not  accu¬ 
rately  represent  the  true  K  value  due  to  the  wide  spread  of  values  obtained 
from  individuals  within  a  single  class  (Hansen,  1951).  Condition  values  were 
highest  in  winter,  decreased  during  spring,  reached  a  low  point  in  early  sum¬ 
mer  and  leveled  off  in  the  fall  (Table  1 .) 

TABLE  II 

PROMINENCE  OF  LYMPHOCYSTIS  ON  NETTED  WHITE  CRAPPIE  IN  BENBROOK  LAKE 


Month 

Number  of  fish 
examined 

Number  of  fish 
with  lymphocystis 

Percentage  of  catch 
with  lymphocystis 

December 

25 

0 

0 

January 

7 

0 

0 

February 

138 

9 

6.52 

March 

61 

2 

3.27 

April 

- 

- 

- 

May 

103 

6 

5.82 

June 

47 

2 

4.20 

July 

120 

16 

13.33 

August 

311 

35 

11.25 

September 

231 

19 

8.22 

October 

97 

7 

7.21 

Total 

1,122 

96 

8.55 

Immature  white  crappie 

White  crappie  with  standard  lengths  of  1 18-141  millimeters  were  considered 
immature  fish.  Condition  increased  rapidly  from  mid-spring,  reached  a  yearly 
peak  in  late  summer,  leveled  off  in  fall  and  early  winter  and  decreased  in  later 
winter  and  early  spring  (Table  1). 

Fish  intermediate  in  size  between  mature  and  immature  white  crappie  were 
found  to  have  K  values  similar  to  immature  fish  (Table  I). 

Lymphocystis  was  found  to  infect  8.55%  of  the  white  crappie  (Table  II). 
The  incidence  of  disease  was  lowest  in  winter  and  spring,  increased  rapidly  in 
early  summer  with  a  yearly  peak  in  mid-summer  and  decreased  in  late  summer 
and  early  fall  (Table  II).  Infected  fish  weighed  3-9%  less  than  healthy  fish  of 
of  the  same  length. 

White  crappie  appeared  to  be  most  active  in  late  summer  and  early  fall. 
Seasonal  activity  appears  to  be  correlated  with  changes  in  feeding  activity 
(Table  III).  Feeding  activity  and  net  catch  of  white  crappie  were  high  in  late 
summer  and  early  fall,  low  in  winter  and  spring,  and  increased  in  early  sum¬ 
mer. 


SEASONAL  VARIATION  IN  FISH  SIZE  IN  RELATION  TO  FOOD  CONSUMPTION 
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TABLE  IV. 

PER  CENT  OF  VOLUME  OF  THE  FOUR  MAJOR  CLASSES  OF  FOODS  CONSUMED 
"T"  indicates  an  amount  less  than  0.05  ml 
found  in  stomachs  analyzed. 


Insect 


Date 

Fish 

larvae 

Plankton 

Mi  sc 

December  21,  1966 

99.8% 

T 

T 

T 

February  3,  1967 

98.5% 

1.2% 

0.36% 

T 

March  13 ,  1967 

59.9% 

9.6% 

30 . 10% 

0.4% 

March  16,  1967 

53.5% 

26,5% 

14.90% 

5.1% 

May  1,  1967 

77.3% 

20.5% 

T 

1.7% 

May  12,  1967 

77.9% 

21.2% 

- 

0.9% 

June  16,  1967 

97.3% 

2.7  % 

- 

T 

July  8,  1967 

98.6  % 

0.8% 

- 

0.6% 

July  21,  1967 

99.4% 

0.5% 

- 

0.1% 

August  6,  1967 

98.9% 

0.9% 

- 

0.2% 

August  16,  1967 

97.7% 

2.3% 

- 

T 

September  6,  1967 

99.8% 

0.1% 

- 

0.1% 

September  15,  1967 

98.9% 

1.1% 

- 

T 

October  20,  1967 

98.8% 

1.2% 

- 

T 

Totals 

96.2% 

2.6% 

0.90% 

0.3% 

FOOD  OF  THE  WHITE  CRAPPIE 
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White  crappie  in  Benbrook  Lake  appear  to  follow  a  dicyclic  activity  pattern. 
Two  peaks  of  activity  were  observed,  one  about  dusk  and  another  about 
dawn.  Relatively  little  activity  was  noted  during  daylight  hours  as  indicated  by 
low  net  catch  of  white  crappie  during  this  period. 

During  the  course  of  the  study,  fish,  almost  exclusively  threadfin  shad, 
Dorosoma  petenense  (Gunther),  constituted  96.2%  of  the  total  food  by  vol¬ 
ume  (Table  IV).  Fish  were  found  in  87.3%  of  the  stomachs  of  white  crappie 
examined,  while  insect  larvae  occurred  in  33.2%  (Table  V).  An  inverse  rela¬ 
tionship  appears  to  exist  between  utilization  of  threadfin  shad  and  insect  lar¬ 
vae  as  food.  In  summer,  fall  and  winter  the  diet  of  white  crappie  consisted 
primarily  of  fish,  with  few  insect  larvae  found  in  stomachs  analyzed.  During 
spring  the  amount  of  fish  used  as  food  decreased  while  the  amount  of  insect 
larvae  consumed  increased  (Tables  IV,  V).  No  significant  difference  was  ob¬ 
served  in  the  kind  or  amount  of  food  consumed  by  healthy  or  diseased  white 
crappie. 


TABLE  V. 

FREQUENCY  WITH  WHICH  MAJOR  FOOD  ITEMS 
WERE  FOUND  IN  WHITE  CRAPPIE  STOMACHS 


Insect 


Month 

Fish 

larvae 

Plankton 

Misc. 

December 

100% 

.05% 

.05% 

.05% 

February 

98% 

23% 

16% 

4% 

March 

51% 

30% 

19% 

3% 

April 

- 

- 

- 

- 

May 

53% 

80% 

3% 

11% 

June 

90% 

36% 

- 

2% 

July 

90% 

23% 

- 

8% 

August 

93% 

39% 

- 

4% 

September 

98% 

22% 

- 

2% 

October 

90% 

31% 

- 

1% 

Total 

87.3% 

33.2% 

2.5% 

4.2  % 
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Approximately  10%  of  the  stomachs  examined  were  found  to  be  empty. 
Except  for  one  fish,  all  white  crappie  with  empty  stomachs  were  collected 
about  dusk.  The  incidence  of  empty  stomachs  was  lowest  in  late  winter,  in¬ 
creased  during  mid-  and  late  spring  and  reached  a  peak  in  early  summer,  de¬ 
creased  in  mid-  and  late  summer  and  early  fall  and  increased  in  winter. 

Feeding  activity  was  observed  to  increase  from  a  low  in  late  winter  and 
spring  to  a  yearly  peak  in  late  summer  and  a  decrease  in  the  fall.  Fluctuations 
in  feeding  activity  appear  to  coincide  with  changes  in  water  temperature  and 
food  availability.  In  winter  and  early  spring  threadfin  shad  found  in  stomachs 
of  white  crappie  were  relatively  large,  ranging  from  45-60  millimeters  in  total 
length.  By  late  spring  significant  numbers  of  small  threadfin  shad,  10-15  milli¬ 
meters  in  length,  were  found  in  stomachs  of  white  crappie  analyzed.  During 
summer  and  early  fall  threadfin  shad  25-75  millimeters  in  length  were  found 
in  stomachs  examined.  Threadfin  shad  greater  than  60  millimeters  were  infre¬ 
quently  found  and  75  millimeters  appeared  to  approach  the  upper  size  limit 
that  white  crappie  desired  as  food.  Threadfin  shad  25-50  millimeters  in  length 
appear  to  be  the  preferred  food  of  white  crappie  in  Benbrook  Lake.  Seasonal 
changes  in  feeding  intensity  may  be  correlated  with  general  activity  of  white 
crappie.  Fluctuations  in  feeding  intensity  likewise  appear  to  be  correlated  with 
changes  in  condition. 

Seasonal  variations  in  daily  feeding  patterns  were  noted.  In  fall,  a  dicyclic 
pattern  of  feeding  activity  with  peaks  at  dusk  and  dawn  was  observed.  During 
winter  and  spring  low  net-catch  of  white  crappie  prohibited  the  formulation 
of  accurate  feeding  trends.  Dicyclic  daily  feeding  patterns  are  indicated,  how¬ 
ever,  in  winter  and  spring.  According  to  observations,  white  crappie  did  little 
or  no  feeding  during  daylight  hours  in  mid-  and  late  summer.  Feeding  inten¬ 
sity  increased  about  dusk,  leveled  off  or  increased  about  midnight,  increased 
continuously  throughout  the  early  morning  hours  and  reached  a  daily  peak  at 
dawn.  For  the  duration  of  the  study,  daily  ration  was  calculated  by  determin¬ 
ing  the  average  stomach  content  and  assuming  it  approximates  the  daily  meal 
(Table  VI).  Since  white  crappie  were  caught  during  peak  feeding  periods  and 
periods  of  low  feeding  intensity,  this  method  appears  reasonable.  Smaller  fish 
were  found  to  consume  a  greater  daily  ration  in  proportion  to  their  body 
weight  than  larger  fish. 

DISCUSSION 

Net-catches  indicate  a  large  population  of  gizzard  shad  exists  in  Benbrook 
Lake,  although,  according  to  this  investigation,  few  are  used  as  food  by  white 
crappie.  The  rapid  growth  rate  of  gizzard  shad  may  explain  their  limited  use  as 
food  items  (Lagler  and  Applegate,  1942;  Berry,  1958).  For  white  crappie 
greater  than  130  millimeters,  threadfin  shad  is  the  predominant  food  item 
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eaten  in  Benbrook  Lake.  Threadfin  shad  appear  to  be  an  ideal  forage  fish  for 
large  southwestern  impoundments  due  to  their  slow  growth  rate  and  relatively 
small  maximum  size  (Parsons  and  Kimsey,  1954;  McConnell  and  Gerdes, 
1964;  Lambou,  1965).  Kimsey  (1958)  reported  that  threadfin  shad  grew  at  a 
rate  of  one  inch  per  month  until  three  inches  in  length.  In  Lake  Havasu  one- 
year -olds  averaged  1 .8-3.4  inches  in  total  length.  The  largest  specimen  collected 
in  Benbrook  Lake  was  four  inches  in  length. 

Based  on  the  observations  of  Kimsey  (1958)  and  Rawstron  (1964),  it  is 
possible  that  threadfin  shad  may  spawn  sporadically  throughout  the  year  in 
Benbrook  Lake  with  peaks  in  spring  and  fall.  However,  no  small  threadfin 
shad,  10-15  millimeters  in  length,  were  found  in  stomachs  examined  in  winter 
and  early  spring.  It  is  conceivable  that  low  water  temperatures  may  slow  the 
growth  rate  of  threadfin  shad.  Hubbs  (1951)  and  Parsons  and  Kimsey  (1954) 
reported  that  threadfin  shad  were  subject  to  high  mortality  in  temperatures 
less  than  45°F.  Threadfin  shad,  60-75  millimeters  in  length,  found  in  stomachs 
examined  in  winter  and  early  spring  may  have  been  spawned  in  early  fall.  This 
would  approximate  the  average  one-year -olds  reported  by  Kimsey  (1958). 


TABLE  VI. 

DAILY  RATION  OF  VARIOUS  SIZE  WHITE  CRAPPIE  COLLECTED 
DECEMBER,  1966  TO  OCTOBER,  1967 

Figures  cited  for  average  stomach  content  for  July,  August  and  September 
are  for  those  fish  collected  at  dawn.  For  the  duration  of  the  study 
figures  cited  are  for  average  stomach  content  for  all  fish  collected. 


Month 

Avg.  stomach 
content 

Avg.  L. 

Avg.  W. 

Daily 

ration 

December 

1.19 

216 

133 

.89 

February 

.67 

196 

107 

.63 

March 

.64 

219 

141 

.45 

May 

.76 

208 

107 

.71 

June 

.80 

189 

78 

1.22 

July 

2.15 

206 

110 

1.96 

August 

1.63 

194 

97 

1.68 

September 

2.25 

202 

115 

1.96 

October 

1.00 

207 

115 

.96 
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Availability  of  suitable  size  threadfin  shad  appears  to  reach  a  peak  in  summer, 
decrease  in  winter,  is  lowest  in  mid-spring,  and  increases  in  late  spring.  The 
decrease  in  abundance  of  preferred  food  in  spring  may  explain  the  increased 
use  of  insect  larvae  as  food  by  white  crappie  during  this  period. 

Water  temperature  and  availability  of  food  appeared  to  be  prime  factors  in 
determining  the  feeding  activity  of  white  crappie  in  Benbrook  Lake  which  co¬ 
incides  with  work  of  Hathaway  (1927),  Belding  (1928),  Morgan  (1954),  and 
Baldwin  (1956)  in  other  areas.  Winter  feeding  rates  were  higher  than  those 
observed  in  the  spring  but  lower  than  summer  rates.  Decreased  food  availabil¬ 
ity  may  be  the  key  factor  accounting  for  lower  feeding  rates  of  white  crappie 
in  Benbrook  Lake  during  the  winter.  In  1967,  white  crappie  in  Benbrook  Lake 
spawned  in  April  and  May.  During  the  spawning  period  white  crappie  were 
readily  caught  on  hook  and  line,  indicating  their  desire  to  feed.  Relatively  few 
empty  stomachs  were  found  during  this  period.  In  late  spring  small  threadfin 
shad,  10-20  millimeters  in  total  length  were  found  in  significant  numbers  in 
stomachs  of  white  crappie  examined.  Immature  white  crappie  exhibited  a 
marked  increase  in  food  consumption  in  late  spring  while  mature  fish  did  not 
show  an  increase  in  food  consumption  until  early  summer.  During  summer, 
there  was  an  abundant  supply  of  suitable  size  threadfin  shad.  The  feeding  rate 
of  white  crappie  reached  a  yearly  peak  during  this  time. 

There  appears  to  be  a  relationship  between  net-catch  and  feeding  activity. 
This  concurs  with  the  findings  of  Morgan  (1954).  High  net-catches  of  white 
crappie  in  Benbrook  Lake  occurred  from  mid-summer  to  early  fall  with  low 
net-catches  occurring  during  the  rest  of  the  collecting  period.  This  contradicts 
the  work  of  Hansen  (1951)  and  Morgan  (1954).  Both  reported  high  net- 
catches  of  white  crappie  during  cooler  months  and  a  marked  decrease  in 
netting  success  in  summer. 

Seasonal  fluctuations  of  condition  values  (K)  in  white  crappie  from  Ben¬ 
brook  Lake  are  in  accordance  with  the  work  of  Hansen  (1951).  High  K  values 
in  winter  indicate  that  lowered  metabolic  rates  during  cooler  months  more 
than  balanced  decreased  food  availability.  In  spring  a  decrease  in  condition 
was  observed  for  mature  and  immature  fish.  Morgan  (1954),  studying  the 
white  crappie  in  Buckeye  Lake,  Ohio,  noted  that  as  spawning  progressed  and 
and  ovaries  became  spent,  K  values  decreased.  Hansen  (1951)  working  with 
white  crappie  in  Illinois  lakes  reported  that  condition  loss  for  mature  crappie 
in  spring  was  too  great  to  be  accounted  for  by  reduction  in  the  size  of  the  re¬ 
productive  organs.  During  spawning  season,  mature  and  immature  white  crap¬ 
pie  in  Benbrook  Lake  suffered  a  loss  of  condition.  Spring  loss  of  condition 
appears  due  to  scarcity  of  food.  This  agrees  with  the  work  of  Hansen  (1951). 
Condition  values  for  all  size  classes  increased  during  the  summer.  This  appears 
to  be  due  to  the  abundant  supply  of  threadfin  shad  which  were  available  as 
food.  Virtually  unlimited  food  stock  apparently  offset  the  increased  metabolic 
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demands  created  by  high  temperatures.  In  early  fall,  K  values  remained  con¬ 
stant  indicating  that  decreased  metabolic  demands  associated  with  lower  tem¬ 
peratures  offset  decreased  food  availability. 

During  the  cooler  months,  white  crappie  in  Benbrook  Lake  exhibited  a  di- 
cyclic  feeding  pattern  similar  to  ones  reported  by  Childers  and  Shoemaker 
(1953)  and  Darnell  and  Meierotto  (1962,  1965).  In  mid-  and  late  summer  a 
new  and  distinct  feeding  pattern  was  observed.  Little  or  no  feeding  took  place 
during  daylight  hours  as  indicated  by  the  large  number  of  empty  stomachs 
found  about  dusk.  Feeding  appeared  to  begin  at  dusk  and  continue  through¬ 
out  the  night,  reaching  a  peak  at  dawn.  There  are  two  possible  explanations 
for  the  occurrence  of  a  “straight  line”  feeding  pattern  rather  than  a  dicyclic. 
(1)  The  visual  acuity  of  white  crappie  may  be  more  superior  than  generally 
assumed.  White  crappie  appear  to  have  definite  food  preferences.  This  concurs 
with  the  findings  of  Sherman  (1946).  Therefore,  some  mechanism  must  be 
present  that  allows  them  to  discern  food  items  during  periods  of  low  light 
Intensity.  (2)  Other  sensory  mechanisms  may  be  utilized  in  food  getting.  Dur¬ 
ing  periods  of  low  light  intensity  the  lateral  line  organs  of  fish  are  capable  of 
supplementing  vision  by  helping  to  locate  objects  at  a  distance  by  perceiving 
mechanical  disturbances  created  by  the  object  (Brown,  1957).  Vibrations  pro¬ 
duced  by  large  schools  of  threadfin  shad  may  serve  to  attract  white  crappie  at 
night. 

Smaller  white  crappie  tend  to  consume  more  food  in  relation  to  their 
weight  than  larger  fish.  This  agrees  with  the  findings  of  Pearse  (1924),  Hath¬ 
away  (1927),  Seaburg  and  Moyle  (1964)  and  Pandian  (1967a).  Seaburg  and 
Moyle  (1964),  studying  the  black  crappie  in  Minnesota,  reported  daily  ration 
during  summer  to  range  generally  from  1  to  2%  of  the  total  body  weight.  Daily 
ration  of  white  crappie  in  Benbrook  Lake  in  late  summer  was  higher,  ranging 
from  1 .6  to  2.8%  of  body  weight. 

Based  on  the  feeding  patterns  observed  during  July,  August  and  September, 
white  crappie  appeared  to  empty  their  stomachs  in  approximately  1 2  hours. 
Water  temperatures  ranged  from  72-82°F  during  this  period.  Seaburg  and 
Moyle  (1964)reported  that  bluegills  digested  50%  of  their  stomach  contents  in 
five  hours  at  65-74°F.  Windell  (1965)  found  that  bluegills  at  70°F  digested 
85%  of  a  voluntarily  consumed  meal  in  10  hours.  Due  to  the  straight  line  feed¬ 
ing  pattern  during  July,  August  and  September,  no  accurate  method  could  be 
utilized  to  compensate  digestion  in  determining  daily  ration.  Therefore,  daily 
rations  calculated  for  the  study  period  tend  to  be  biased  to  the  low  side  and 
should  be  considered  as  minimum  daily  ration.  During  summer  daily  ration 
may  range  as  high  as  2-4%  of  body  weight,  which  is  in  accordance  with  the 
findings  of  Keast  and  Welsh  (1968).  High  daily  ration  consumed  by  white 
crappie  in  Benbrook  Lake  during  summer  is  indicative  of  an  abundant  food 
supply. 

White  crappie  in  Benbrook  Lake  infected  with  lymphocystis  weighed  3-9% 
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less  than  non-infected  fish  of  comparable  size.  Witt  (1957)  noted  that  infected 
white  crappie  weighed  3-5%  less  than  healthy  fish  of  the  same  length.  Inci¬ 
dence  of  diseased  fish  was  8.55%  which  is  similar  to  the  findings  of  Borges 
(1950).  Hansen  (1951)  reported  infestation  of  lymphocystis  on  white  crappie 
in  Illinois  lakes  ranging  from  1.4%  to  19.5%.  The  seasonal  incidence  of  disease 
noted  during  this  study  is  in  accordance  with  the  work  of  Nigrelli  (1954), 
Nigrelli  and  Smith  (1939),  Witt  (1957),  and  Whiteside  (1964).  Since  no  sig¬ 
nificant  difference  was  noted  in  the  type  or  amount  of  food  consumed  by 
healthy  and  diseased  white  crappie,  it  appears  possible  that  the  increased 
metabolic  demands  caused  by  lymphocystis  may  account  for  the  difference  in 
condition  (K)  between  infected  and  non-infected  fish. 

This  study  clearly  indicates  that  much  work  is  needed  in  the  field  of 
trophic  ecology.  It  is  necessary  to  study  not  only  the  predator  species  but 
more  importantly,  the  prey  species.  All  too  often  the  prey  species  is  neglected. 
It  becomes  increasingly  apparent  that  the  predator-prey  cycle  may  be  based 
not  only  on  the  behavior  pattern  of  the  predator  but  also  on  that  of  the  prey. 
Threadfin  shad  is  becoming  a  major  food  item  for  game  fish  in  most  of  the 
warmer  sections  of  the  United  States.  Relatively  little  is  known  about  its  basic 
ecology.  Until  we  gain  a  better  understanding  of  this  important  forage  fish,  it 
is  doubtful  that  the  feeding  patterns  of  fish  that  prey  on  it  can  be  completely 
described. 
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ABSTRACT 

The  effect  of  ultraviolet  radiation  on  pesticides  was  studied  using  purified  samples 
obtained  from  manufacturers.  The  purified  samples  were  subjected  to  biologically  effec¬ 
tive  uv  radiation  of  350  nm.  The  effects  of  the  uv  radiation  were  separated  from  those 
due  to  temperature  by  placing  a  sheet  of  aluminum  foil  over  identical  samples.  The  bio¬ 
logically  effective  uv  radiation  had  an  effect  on  all  of  the  pesticides  studied.  The  effect 
was  over  and  above  that  due  to  temperature  and  any  other  natural  degradation  which 
might  have  occured  during  treatments.  The  most  sensitive  pesticide  studied  was  methyl 
parathion  followed  by  chlordane,  endrin,  DDT,  and  rriirex. 

INTRODUCTION 

Decomposition  of  pesticides  by  ultraviolet  (uv)  radiation  has  recently 
received  an  increased  interest.  This  is  due  mostly  to  the  pesticide  persistence 
problem  as  well  as  the  secondary  effects  caused  by  pesticides  in  the  environ¬ 
ment. 

Decomposition  of  DDT  [1 ,1  ,l-trichloro-2,2-bis  (p-chlorophenyl)  ethane] 
was  first  reported  by  Wichmann,  etal.  (1946).  When  ultraviolet  light  catalyzed 
the  decomposition  of  DDT,  different  products  were  obtained  depending  upon 
the  presence  or  absence  of  air  (Fleck,  1949).  Decreased  effectiveness  of  DDT 
after  being  subjected  to  uv  radiation  was  shown  using  a  housefly  bioassay  by 
Lindquist,  et  al.  (1946).  Pokrovskii  and  BeTKevich  (1958)  reported  DDT 
losses  of  40  to  60  %  following  expusure  to  uv  and  sunlight.  After  48  hours  of 
uv  irradiation,  80%  of  DDT  deposited  as  thin  layers  on  quartz  tubing  was  con¬ 
verted  to  other  products  (Mosier,  et  al,  1969).  Dehydrochlorination  of  DDT 
to  DDE  [1  ,l-dichloro-2,2-bis  (p-chlorophenyl)ethylane], conversion  of  DDE  to 
numerous  other  products,  and  dehydrochlorination  of  DDD  [1  ,l-dichloro-2,2- 
bis  (p-chlorophenyl)ethane]  were  demonstrated  by  Roburn  (1963)  when  DDT 
was  exposed  to  uv  radiation  of  253.7  nm  (nanometers).  Ultraviolet  photooxi¬ 
dation  of  DDT  and  DDE  in  methanol  has  been  reported  (Plimmer,  et  al, 
1970)  as  well  as  uv  photolysis  of  DDT  when  an  inducer  with  a  low  ionization 
potential  was  present  (Miller  and  Narang,  1970). 

Other  observations  (Cook  and  Pugh,  1957;  Frawly,  et  al,  1958)  have 
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shown  that  the  organophosphate  insecticide  parathion  (o,o-diethyl-o,p,-nitro- 
phenyl  phosphorothionate)  is  degraded  to  paraoxon  (o  ,0-diethyl  p-nitro- 
phenyl  phosphate)  and  other  products  by  uv  radiation.  Irradiation  of  dieldrin 
( 1 ,2 ,3 ,4 , 1 0 , 1 0  -hexachloro  -  exo  -  6 ,7  -  epoxy  - 1 ,4 ,4a  ,5 ,6 ,7 ,8 ,8a-octahy  dro  -1,4- 
endo,  exo-5,8  dimethanonaphthalene)  and  aldrin  (1,2,3,4,10-10-  hexachlo¬ 
ro  1 ,4,4a-5 ,8,8a-hexahydro-endo-l  ,4-exo-5 ,8-dimethanonaphthalene)  with  a 
mercury  lamp  (253.7  nm)  resulted  in  photodecomposition  of  both  pesticides 
(Henderson  and  Crosby,  1967).  Irradiation  of  picloram  (4-amino-3 ,5 ,6-trich- 
loropicolinic  acid)  with  a  similar  lamp  for  0  to  192  hours  gave  0-82.8%  degra¬ 
dation  (Hall,ef  al.,  1968). 

The  degradation  of  DDT  and  methyl  parathion  (o ,o-dimethyl-o ,p-nitro- 
phenyl  phosphorothonate)  using  biologically  effective  uv  radiation  (350  nm) 
has  been  demonstrated  by  Baker  and  Applegate  (1970).  The  other  observa¬ 
tions  of  reported  degradation  of  pesticides,  with  the  exception  of  a  relatively 
few  sunlight  experiments,  have  used  sources  of  uv  radiation  which  are  below 
the  wavelengths  which  would  be  found  naturally.  It  has  been  established  that 
ozone  filters  out  almost  all  uv  radiation  below  290  nm  before  it  reaches  the 
earth’s  surface  (Platt  and  Griffiths,  1964:62).  Even  though  the  major  absorp¬ 
tion  ranges  of  numerous  pesticides  are  below  the  290  nm  wavelengths,  it 
remains  to  be  shown  what  affect  naturally  occurring  uv  radiation  will  be  on  a 
variety  of  pesticidal  compounds.  This  report  deals  with  the  effect  of  uv  radia¬ 
tion  on  chlorinated  hydrocarbons  and  one  organophosphate  insecticide.  The 
uv  radiation  employed  was  in  the  biologically  effective  range  of  the  spectrum 
(300400  nm). 

METHODS  AND  MATERIALS 

Pesticides:  Analytical  reagent  grade  standards  of  DDT,  mirex  [Dodecachlo- 
rooctahydro-1 ,  3,  4-methano-l  H-cyclobuta  (cd)  pentalene] ,  endrin  [1, 2,  3, 
4,  10,  10-hexachloro-6,  7 -epoxy-1,  4,  4a,  5,  6,  7,  8,  8a-octahydro-endo-l ,  4, 
endo-5,  8-dimethanona-phthalene] ,  chlordane  [1, 2, 4,  5,  6,  7,  8,  8-octahloro- 
2,  3,  3a,  4,  7,  7a-hexahydro-4,  7-methanoindene] ,  and  methyl  parathion. 
Treatments:  Standards  of  100  yg/ml  in  acetone  were  prepared  for  each  pesti¬ 
cide.  One  ml  of  each  pesticide  (100  yg)  was  quantitatively  transferred  to  glass 
petri  dishes.  After  evaporation  of  the  solvent,  the  dishes  were  placed  under 
light  banks  housed  in  constant  temperature  chambers.  The  light  banks  were 
composed  of  6  lamps  per  bank  and  equipped  with  Sylvania  F408BL  blackllight 
lamps  which  have  a  maximum  ultraviolet  output  at  350  nm.  A  Black -Ray 
Ultraviolet  Intensity  Meter  was  used  to  measure  the  uv  radiation  intensity  of 
the  lamps.  The  intensity  varied  from  1900-2500  y  W/cm2.  Samples  were 
shifted  periodically  to  reduce  the  variation  due  to  the  light  intensity.  A  sheet 
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of  aluminum  foil  was  placed  over  half  of  the  samples  to  remove  the  ultraviolet 
radiation  effects  from  those  due  to  temperature.  The  temperature  of  the 
chambers  was  maintained  at  30°C  with  a  temperature  of  35°C  under  the  lamps. 
Samples  of  DDT  and  mirex  were  taken  at  1,5,10  and  20  days;  endrin  and 
chlordane  samples  were  taken  at  4,8,16,20  and  24  hours;  methyl  parathion 
samples  were  taken  at  2,4,6,  and  8  hours. 

Analysis:  After  removal  from  the  chambers,  the  samples  were  extracted  from 
the  dishes  with  3  successive  15  ml  portions  of  acetone.  The  washes  were  com¬ 
bined  and  evaporated  to  approximately  5  ml.  This  portion  was  quantitatively 
transferred  to  a  10  ml  volumetric  flask  and  made  to  volume  with  acetone.  The 
10  ml  volume  was  then  transferred  to  a  screwtop  test  tube  until  analysis  by 
gas-liquid  chromatography  (GLC). 

GLC  analysis  was  carried  out  using  2  Varian  Aerograph  Gas  Chromato¬ 
graphs:  A  model  1400  equipped  with  a  tritium  (H^)  electron  capture  detector 
(5'  x  1/8"  S.  S.  column  packed  with  1.5%  OV-17,  100/120  chromosorb  W; 
30  ml/min.  nitrogen  flow;  column- 190°C,  detector-2 10°C,andinjector-220oC) 
and  a  Model  1700  equipped  with  a  nickel  (Ni^)  electron  capture  detector 
(5'  x  1/8"  S.  S.  column  packed  with  3%  SE-30,  100/120  Varaport;  30  ml/min. 
nitrogen  flow;  column-220°C,  detector-250°C,  and  injector-250°C).  Each  Sam¬ 
ple  was  analyzed  in  duplicate  and  there  were  4  replications  of  treatments.  A 
sample  was  prepared  to  determine  extraction  efficiency  of  the  pesticides 
employed  for  each  experiment.  In  all  cases  extraction  of  the  pesticides  from 
the  petri  dishes  was  97%  or  greater. 

RESULTS 

The  persistence  of  pesticides  with  time  when  exposed  to  biologically  effec¬ 
tive  uv  radiation  (350  nm)  resulted  in  degradation  of  all  pesticides  studied. 

The  results  for  DDT  and  mirex  treatments  are  presented  in  Table  1.  Loss  of 
DDT  with  uv  radiation  ranged  from  46.3  to  78.4%  over  a  period  of  one  to  20 
days  respectively.  Those  samples  which  had  no  uv  radiation  showed  a  loss  of 
8.4  to  35.2%  over  the  same  period  of  time.  The  addition  of  uv  radiation  accel¬ 
erated  the  loss  of  DDT  by  37.9  to  43.2%  over  the  20  day  period.  Mirex 
showed  a  similar  trend;  however,  it  appeared  to  be  more  stable  than  DDT. 
Losses  of  mirex  ranged  from  16.5  to  70.3%  when  subjected  to  uv  radiation 
over  a  20-day  period.  Losses  of  3.8  to  22.0%  occurred  without  uv  radiation. 
The  net  effect  of  uv  radiation  on  mirex  ranged  from  12.9  to  48.3%. 

The  results  for  chlordane,  endrin,  and  methyl  parathion  are  presented  in 
Table  2.  A  very  striking  effect  of  uv  radiation  was  noted  on  the  pesticide 
chlordane.  Losses  ranged  from  59.1  to  94.2%  over  a  period  of  4  to  24  hours 
respectively.  With  no  uv  radiation,  the  losses  were  8.7  to  32.1%  for  the  same 
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period.  This  represents  an  increased  loss  of  50.5  to  62.1%  over  the  24-hour 
period  as  a  result  of  added  uv  radiation. 

From  4  to  24  hours,  samples  of  endrin  had  losses  ranging  from  12.8  to 
52.4%,  respectively,  for  the  primary  peak  when  uv  radiation  was  added.  The 
corresponding  losses  without  uv  radiation  ranged  from  3.8  to  20.1%  over  the 
24-hour  period.  The  net  effect  of  uv  radiation  on  the  primary  peak  ranged 
from  9.0  to  32.3%  over  the  24-hour  period.  The  effects  on  the  secondary  peak 
were  similar  to  those  for  the  primary  peak.  Losses  ranged  from  21.7  to  59.4% 

TABLE  1 

Effect  of  ultraviolet  radiation  on  the  loss  of  DDT  and  mirex  from  dishes 
treated  with  100  yg  of  sample  (figures  are  in  yg) . 


Concentration  remaining 


Pesticide 

1 

5 

10 

20  days 

DDT 

53.7+3.0 

39.1+1.4 

28.1+4.4 

21.6+4.9 

DDT-X-/ 

91.6+3.3 

81.8+4.0 

74.2+3.0 

64.8+5.5 

Mirex 

83.5+4.2 

74.7+4.7 

41.5+2.5 

29.7+2.2 

Mirex-X 

96.2+1.2 

90.2+1.7 

83.2+2.8 

78.0+4.0 

1/  Figures  represent  averages  of  four  replicated  experiments. 

2j  X-denotes  samples  covered  with  aluminum  foil  to  remove  the  effects 
of  uv  radiation. 


from  4  to  24  hours  with  the  addition  of  uv  radiation.  Without  uv  radiation  the 
losses  ranged  from  12.0  to  29.9%  over  the  same  period.  This  represented  a  net 
loss  due  to  uv  radiation  of  9.7  to  29.5%  for  the  4-  to  24-hour  period. 

Losses  of  methyl  parathion  ranged  from  38.1  to  90.8%  over  the  2-  to 
8-hour  period  with  the  addition  of  uv  radiation.  The  net  effect  of  the  added 
uv  radiation  was  29.5  to  59.3%  over  the  2-  to  8-hour  period. 

Overall,  the  data  revealed  that  addition  of  the  biologically  effective  uv  radi¬ 
ation  accelerated  the  loss  of  DDT,  mirex,  endrin,  chlordane,  and  methyl  para¬ 
thion  from  petri  dishes  treated  with  100  pg  of  each  pesticide.  The  organo- 
phosphate  insecticide  methyl  parathion  was  by  far  the  most  sensitive  pesticide 
studied. 

As  expected,  the  organochlorine  pesticides  were  more  persistent  than  the 
organophosphate  insecticide.  Chlordane  required  approximately  3  times  more 
exposure  to  uv  radiation  than  did  methyl  parathion  to  reach  the  same  level  of 
degradation.  Endrin  was  more  persistent  than  chlordane,  but  had  similar 
degradation  patterns  for  both  of  the  endrin  products. 
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TABLE  2 

Effect  of  ultraviolet  radiation  on  the  loss  of  chlordane,  endrin,  and 
methyl  parathion  from  dishes  treated  with  100  yg  of  sample  (figures  are 
in  yg) . 

Concentrations  remaining  after  hours— ^ 

Pesti- 


cide 

4 

8 

16 

20 

24 

41.9+4.4 

28.8+4.5 

9. 4+1.1 

7. 6+0. 8 

5.8+0. 7 

c-x^ 

91.3+1.6 

83.0+5.5 

78.9+2.4 

73.2+2.9 

67.9+4.9 

87.2+1.2 

77.9+5.1 

65.4+2.4 

51.1+1.3 

47.6+1.3 

E-X-/ 

96.2+1.4 

89.8+2.1 

86.8+1.5 

82.1+2.3 

79.9+3.9 

78.3+3.8 

71.8+1.2 

60.8+1.6 

44.4+2.8 

40.6+1.1 

E-X-^ 

88.0+1.3 

84.5+1.6 

82.1+1.1 

75.9+1.9 

70.1+2.2 

2 

4 

6 

8  hours 

MP^ 

61.9+2.0 

34.8+4.5 

17.7+3.5 

9. 2+4.1 

MP-X 

91.4+3.3 

92.9+4.4 

77.6+3.4 

68.5+2.8 

1/  Figures  represent  averages  of  four  replicated  experiments. 

2/  C  =  Chlordane 

3/  X  -  denotes  samples  covered  with  aluminum  foil  to  remove  effects  of 
uv  radiation. 

4/  E  =  Endrin 
5/  Primary  peak. 

6/  Secondary  peak. 

]_/  MP  -  Methyl  Parathion 


Both  DDT  and  mirex  are  extremely  tolerant  to  uv  radiation  when  compared 
to  the  other  pesticides  studied.  However,  considering  78.4  and  70.3%  loss  of 
DDT  and  mirex  respectively,  over  the  20-day  period,  one  must  conclude  that 
this  represents  a  considerable  degree  of  degradation  even  though  it  is  not 
comparable  to  the  rapid  degradation  of  the  other  pesticides. 

Degradation  products  were  obtained  from  all  of  the  treated  pesticides. 
Total  identification  and  quantification  of  these  products  were  not  carried  out. 
Identifiable  degradation  products  for  DDT  included  DDE  and  dicholorobenzo- 
phenone.  For  methyl  parathion  the  degradation  product  obtained  was  methyl 
paraoxon.  In  the  case  of  mirex,  endrin,  and  chlordane,  degradation  products 
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could  not  be  obtained  from  the  respective  pesticide  manufacturers. 

It  should  also  be  noted  that  in  contrast  to  other  observations  (Miller  and 
Narang,  1970),  photolysis  of  DDT  did  occur  with  no  inducer  present.  Appar¬ 
ently  there  is  enough  energy  produced  by  the  biologically  effective  uv  radia¬ 
tion  to  cause  photolysis  of  all  pesticides  studied.  It  should  also  be  emphasized 
that  the  uv  radiation  effect  on  pesticides  occurs  with  uv  light  which  is  in  the 
range  that  is  biologically  effective.  The  wavelength  of  uv  radiation  employed  in 
these  experiments  is  the  same  uv  light  which  is  present  at  the  earth’s  surface 
(300-400  nm)..The  importance  of  uv  radiation  on  pesticide  breakdown  in  the 
field  has  been  investigated  (Applegate,  et  al,  1971). 
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INTRODUCTION 

One  of  the  problems  in  mathematical  ecology  is  to  formulate  a  mathemati¬ 
cal  model  to  predict  the  size  of  a  fluctuating  population.  The  simplest  model 
follows  from  assuming  that  the  birth  rate  is  proportional  to  the  population. 
For  a  population  of  size  N  with  birth  rate  one  can  write  KN  where 
K  is  a  positive  number.  The  solution  yields  the  Malthusian  Equation  for  popu¬ 
lation  growth,  with  the  drawback  that  the  population  becomes  unbounded, 
an  unrealistic  assumption  in  many  cases. 

To  correct  this  deficiency  one  may  modify  the  preceeding  equation  by 
assuming  that  the  number  K  should  be  replaced  by  a  variable  coefficient  that 
causes  the  birth  rate  to  decline  as  N  approaches  some  limiting  population.  For 
a  limit  population  of  C  individuals,  if  one  replaces  K  by  the  factor  j3(C-N),j3 
between  zero  and  one,  then  the  constant  factor  of  increase  is  modified  so  as 
to  become  small  as  N  approaches  C.  The  equation  now  becomes 

=  0(C-N)N 

known  as  the  Verhulst-Pearl  Equation.  This  model  correctly  predicts  a  limit¬ 
ing  population  with  a  characteristic  sigmoid  shape  for  the  graph  of  N.  Several 
workers  (see  Pielou,  1969)  report  a  close  correspondence  between  the  growth 
of  an  actual  laboratory  population  and  the  theoretical  growth  predicted  by 
the  equation.  As  in  the  Malthusian  Equation,  this  model  indicates  that  N 
should  be  monotone  increasing,  a  result  that  experience  shows  is  not  always 
true. 

It  is  the  purpose  of  this  paper  to  modify  the  Verhulst-Pearl  Equation  by 
assuming  that  the  limit  population  C  is  not  constant,  but  is  itself  a  function 
of  time,  so  that  one  replaces  C  with  the  function  P  (t),  giving 

jlr  =U(P(t)-N)N.  (i.i) 

P  (t)  is  interpreted  as  the  maximum  number  of  individuals  a  given  environ¬ 
ment  can  support  at  time  t  -  an  instantaneous  limit  population.  It  is  reason¬ 
able  to  believe  that  the  limit  population  P  (t)  will  vary  due  to  seasonal  varia¬ 
tions  in  food  supply,  weather,  and  change  in  population  of  predators.  Observe 
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from  the  equation  that  if  N  and  P(t)  are  close,  then  the  birth  rate  is  small, 
but  on  the  other  hand  if  N  exceeds  P(t),  then  ^pis  negative  and  the  popula¬ 
tion  must  decrease  to  conform  to  its  environmental  limitations.  The  ability  to 
predict  decreasing  populations  makes  this  model  more  versatile  than  the  pro¬ 
ceeding  ones. 

This  paper  is  mainly  concerned  with  discussing  the  nature  of  solutions  to 
(LI),  especially  if  P(t)  is  a  periodic  function,  as  it  is  felt  that  this  may  ap¬ 
proximate  actual  environmental  limitations.  In  addition,  this  model  is  used  to 
predict  the  ultimate  survival  of  a  species  in  a  “harsh”  environment. 


1.2  Solution  of  (1.1) 

Write  (1.1)  as  dN  -  0N  Pdt  =  -  0N2dt  which  can  be  recognized  as  a  Ber¬ 
noulli  equation  and  is  linear  in  the  variable  jq.  Due  to  the  physical  interpreta¬ 
tion  of  P,  it  will  be  considered  as  non-negative  piece-wise  continuous  through¬ 
out  this  discussion.  Let  Z  =  jq,  and  the  equation  becomes  dZ  +  0PZdt  =  j3dt. 
Define  I(t  ;R)  =  J*R(t)dt,  and  let  H(t)  =  I(t;  0P),  then  multiplication  by  exp(H) 
gives  d(Z  exp  (H))  =  0exp(H)dt.  This  equation  can  be  solved  by  definite  inte¬ 
grals  if  we  use  the  initial  condition  N(O)  =  NQ  ;  so  that 


N"  exp  (H) _  (1.2) 

NQ  ~ 1  +  01  (t;  exp(H)) 

This  solution  still  retains  the  limiting  population  property,  for  it  is  not  too 
difficult  to  show  that  if  Lim  P(t)  exists,  then 
LimN(t)  =  Lim  P(t) 

£->oo  f-»oo 


That  is,  if  the  environment  imposes  a  limiting  population,  then  N(t)  must 
approach  this  limit.  This  is  in  agreement  with  (1.1)  since  for  large  t,  if 
Um  P(t)  exists,  then  (1.1)  approaches  the  Verhulst-Pearl  Equation. 

1.3  Solu tions  for  Periodic  P(t) 

The  function  P(t)  is  the  maximum  number  of  individuals  that  a  given  en¬ 
vironment  can  support  at  time  t,  therefore  it  is  reasonable  to  expect  that  P(t) 
will  fluctuate  from  season  to  season  and  can  be  approximated  by  a  periodic 
function.  If  P(t)  is  periodic,  it  is  not  easy  to  see  what  type  of  solutions  should 
exist  for  (LI).  It  is  the  purpose  of  this  section  to  prove  that  all  solutions  of 
(1.1)  for  periodic  P(t)  are  either  periodic  with  the  same  period  as  P(t)  or 
asymptotically  approach  a  periodic  solution  with  the  same  period  as  P(t).  It  is 
of  interest  to  observe  that  the  periodic  solution  depends  upon  the  initial  pop¬ 
ulation. 

Suppose  that  P(t)  is.  piece-wise  continuous  and  periodic  with  period  T. 
Then  P  can  be  expressed  as  a  Fourier  Series 
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P(t)=a  +  S  rk  cos.(^-kt  +  .^). 

U  k=q  ^  j 

This  Fourier  Series  can  be  integrated  term-by-term  and  the  resulting  series 
converges  to  H(t)  =  I(t;  jSP),  (Hobson,  1957). 


OO 

H(0  =  ^ot  -  ij£T_  Sin(0k)  +  Si  rk/3T 


Sin  (2»k  t  +  A) 

2?rk  2rrk  T  rk 


For  convenience,  define 


DO 

2  — 
k=l  2?rk 


Sin  (0k) 


Q  (t)  -  ^  -k^ —  Sin  (  t  +  0k) 


k=l 


2?rk 


Observe  that  Q(t  +  T)  =  Q(t). 
exp(H(t))  =  exp(a  t  +  C  +  Q(t)) 

(3 1(t  +  T;  expH)  =  j3 1(T ;  expH)  +  exp(aQ  T+C)  (3 1(t;  expH) 

The  above  follows  from  subdividing  the  integral  into  two  integrals;  the  first 
one  from  0  to  T  and  the  second  from  T  to  T  +  t  and  substituting  r  =  t  -  T  in 
the  second  integral.  Denote  A  =  0 1(T;  exp(H)).  Thus  from  (1.2)  and  (1.3)  and 
after  some  simplification 


N  (t  +  T)  = 


_ exp(H(t)) _ 

(N0- 1  +  A)  exp  (-  a#  0  T  -  C)  +  jS  I  (t;  expH(t)). 


A  comparison  of  this  result  with  (1.2)  indicates  that  N(t)  is  periodic  with 
period  T  if  Nq,  the  initial  population,  satisfies  the  equation 

(N0-‘  +  A) exp(-aQ  0T-  C)  =  Nfl  -1 , 

°r  _  exp  (a0  (3  T  -  C)  -  1 

N0  A 


Therefore  N  has  a  periodic  solution  that  depends  upon  its  initial  population 
Nq,  so  that  there  are  conditions  under  which  periodic  environmental  limita¬ 
tions  will  yield  a  periodic  population.  Any  other  solution  to  (1.1)  with  peri¬ 
odic  P(t)  must  approach  the  periodic  solution  previously  derived,  because, 
after  K  periods 
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N  (t  +  KT)  = _  exp  (H(t)) _ (1.3] 

B  exp  (  -  aQ  p  TK)  +  A _ +  j8  I  (t;  expH) 

exp  (aQ  Tj3  )  -  1 

wnere  B  =  N  -  -  A(1  -  exp(aQ  j3  T))~ 

For  K  sufficiently  large  the  first  term  in  the  denomination  of  (1.3)  is  small, 
and  N  asymptotically  approaches  the  periodic  solution  already  found  in  the 
first  part  of  1 .3. 

1.4  Survival  in  Harsh  Environments 

This  mathematical  model  will  be  applied  to  a  population  in  an  environment 
that  will  support  no  population  for  periods  of  time.  This  model  predicts  the 
upper  and  lower  limits  for  an  ultimately  surviving  population,  and  the  varia¬ 
tion  in  population. 

A  “harsh”  environment  can  be  idealized  by  assuming  that  for  6  months  of 
each  year  extreme  cold  weather  exists  and  all  vegetation  is  frozen,  yielding  an 
environment  that  supports  no  life.  The  remaining  6  months  of  each  year  are 
warm  and  balmy,  supporting  a  unit  population  during  this  time. 

Let  P  (t)  =  1  if  2K<  t  <  2K+1 

=  0  if  2K+1  <  t  <  2K+2 
forK=0,  1,2, . 

Since  P(t)  is  periodic,  one  may  use  the  results  in  1.3  to  find  the  initial  pop¬ 
ulation,  NQ>  required  for  a  periodic  solution.  For  a  periodic  solution 

exp  (0  )  -  1 _  <  j 

No  (0+1)  exp  03)-  1 

To  find  the  variation  in  the  population  we  observe,  that  for  N  the  popula¬ 
tion  is  increasing  over  the  intervals  [2K,  2K  +  1]  and  decreasing  over  the  in¬ 
tervals  (2K  +  1,  2K  +  2),  giving  relative  maxima  for  N(2K+1)  =  N2K+1  and 
relative  minima  for  N(2K+2)  =  N9£+9. 

For  t  e  [  2K,2K+1]  ,  ^  =  ft  (l-N)N,  which  may  be  solved  to  give 
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exp($  )N2k 


N. 


2K+1 


For 


(exp  (p  )  “1)N2K  +  1 

t  e  (2K+1  ,  2K+2)  dN=_p2)()r 

dt 


(1-4) 


N 


N. 


2K+2 


2K+1 


0N2K+1  +  1 


(1.5) 


With  starting  value  Nq,  equations  (1.4)  and  (1.5)  recursively  define  N,  the 
population,  at  each  unit  interval  end  point.  The  solution  to  these  equations  is 


!  K  _i 

N2K+1  =  t(No”  -l)exp(-(K+l)0)+l+0  2_i  exp (-  r 0 )] 

N2K+2  =  [(No”1"  ^  exP  ("(K  +  1)  P  )  +  1  +  P  2  exp  (- 1-  j3)] 


From  1.3,  it  is  seen  that  all  solutions  asymptotically  approach  the  periodic 
solution,  so  that  the  relative  maximum  is  close  to 

Lim  N2K+1  =  1  -  exp  (-  0  ) 

K~°  T+  (0-1)  exp  (-  0)  ’ 

and  the  relative  minimum  is  close  to 

LimN2K+2  =  1~exp(~g)  • 

K->°°  1  +  P  -  exp  (  -p) 

The  number  P  is,  in  all  likelyhood,  a  characteristic  of  the  species  of  popula¬ 
tion  considered.  Table  1.1  considers  these  upper  and  lower  bounds  for  differ¬ 
ent  values  of  the  parameter  p  . 

For  example,  with  a  unit  population  of  1000  members  with  p  =  .5  one 
would  expect  a  periodic  solution  with  an  initial  population  of  440,  and  after 
several  seasons  would  find  a  population  having  no  fewer  than  445  members 
and  no  larger  than  565  members  with  a  variation  in  population  of  120  mem¬ 
bers. 
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TABLE  1.1 


8 

Lower  Limit  for 
Unit  Population 

Upper  Limit  for 
Unit  Population 

Variation 

Initial  Population  for 
Periodic  Solution 

.1 

.487 

.513 

.026 

.487 

.2 

.475 

.525 

.050 

.475 

.3 

.465 

.540 

.075 

.465 

.4 

.450 

.550 

.100 

.452 

.5 

.445 

.565 

.120 

^440 

.6 

.430 

.578 

.148 

.429 

.7 

.415 

.592 

.177 

.418 

.8 

.410 

.605 

.185 

.407 

.9 

.396 

.619 

.223 

.397 

1. 

.386 

.632 

.246 

.387 

1 .5  Conclusions  A  refinement  of  the  Verhulst-Pearl  equation  for  population 
growth  is  given  that  can  predict  both  increasing  and  decreasing  populations.  It 
has  been  shown  that  this  model  will  predict  a  periodic  population  change. 
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ABSTRACT 

Major  elements  and  the  trace  elements  Rb,  Sr,  and  U  have  been  determined  from 
igneous  rocks  of  the  Eagle  Mountains  in  the  Trans-Pecos  alkalic  province  of  Texas.  The  4 
major  units,  a  rhyolite,  a  trachyte,  a  younger  rhyolite  and  a  syenite,  are  characterized  by 
alternating  silica-oversaturation  and  saturation,  low  Ca  and  Mg  contents,  high  alkalis,  low 
K/Rb  ratio,  and  nearly  constant  Sr  contents. 

Phenocrysts  phases  of  these  rocks  are  principally  sodic  clinopyroxene  and  alkali  feld¬ 
spar.  Mass-balance  calculations  using  these  phases,  a  small  amount  of  magnetite,  and  the 
trachyte  and  syenite  compositions  indicate  that  the  rhyolites  cannot  have  been  formed 
by  fractionation  at  low  pressure,  inasmuch  as  feldspar  subtraction  produces  severe  Sr 
depletion.  Rather,  chemical  variations  may  have  been  produced  by  cyclic  fractionation  at 
higher  pressure  or  by  varying  degrees  of  partial  melting  in  the  Benioff  zone. 

INTRODUCTION 

Tertiary  extrusive  and  intrusive  rocks  of  the  Eagle  Mountains  of  West  Texas 
are  part  of  an  alkali-rich  igneous  province  which  extends  along  the  eastern 
edge  of  the  American  Rocky  Mountains.  On  a  smaller  scale,  these  rocks  consti¬ 
tute  part  of  the  Trans-Pecos  province,  a  group  of  igneous  rocks  composed  of 
varying  amounts  of  soda  rhyolite,  trachyte,  syenite,  andesite,  and  basalt 
emplaced  during  late  Eocene  and  Oligocene  time.  In  particular,  the  Eagle 
Mountains  have  igneous  rock  units  of  alternating  silica  content,  a  petrologic 
feature  common  to  most  areas  of  West  Texas. 

There  are  4  major  units  of  igneous  rocks  in  the  Eagle  Mountains  (Under¬ 
wood,  1962).  They  are,  from  oldest  to  youngest,  the  Lower  Rhyolite,  the 
Trachyte,  the  Upper  Rhyolite,  and  the  Eagle  Peak  Syenite.  A  few  scattered, 
small  basalt  outcrops  of  a  later  age  are  also  present. 

The  objectives  of  this  study  are  twofold:  (1)  to  characterize  igneous  rocks 
of  the  Eagle  Mountains  on  the  basis  of  chemical  and  mineralogical  data,  and  to 
show  their  affinities  to  and  differences  from  other  igneous  areas  of  West  Tex¬ 
as;  and  (2)  to  test  petrogenetic  models  for  the  origin  of  these  rocks  for  their 
compatibility  with  these  data  and  with  phase-equilibria  studies  on  related 
systems. 

LOCATION  AND  GENERAL  GEOLOGY 

The  Eagle  Mountains  are  located  in  western  Trans-Pecos  Texas  between 
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Van  Horn,  Texas,  and  the  Mexico-United  States  border  (Fig.  1).  The  north¬ 
west  trending  Eagle  Mountains  are  bounded  by  Devil’s  Ridge  to  the  north  and 
the  Indio  Mountains  to  the  south,  and  they  are  separated  by  bolsons  from  the 
parallel  ranges  of  the  Quitman  Mountains  to  the  west  and  the  Van  Horn 
Mountains  to  the  east. 

A  detailed  account  of  the  geology  of  the  Eagle  Mountain  area  has  been 
presented  by  Underwood  (1962).  Briefly,  the  igneous  rocks  are  probably  of 
Oligocene  age;  they  intrude  or,  more  frequently,  overlie  sedimentary  rocks. 
The  latter  include  the  Hueco  Formation  of  Permian  age  and  the  Cretaceous 
System  consisting  of  9  different  marine  formations  of  about  7,000  feet  total 
thickness.  Structural  deformation  of  the  Eagle  Mountains  took  place  in  2 
major  phases.  The  first  of  these,  Eocene  Laramide  horizontal  compression, 
created  a  strong  north-northwest  structural  trend  including  thrusting  and 
minor  folding.  The  structural  fabric  developed  controlled  the  emplacement  of 
the  igneous  rocks  during  Oligocene  time.  Later  Tertiary  block  faulting  created 
the  Basin  and  Range  topography  present  today. 

Volcanic  rocks  of  the  area  appear  to  have  been  emplaced  over  an  irregular 
surface  with  500  ft  of  relief  originally  formed  by  Laramide  movements 
(Underwood,  1962).  Late-stage  igneous  activity  was  marked  by  intrusion  of 
syenitic  to  syenodioritic  material  in  the  form  of  small  stocks  and  sills. 

METHODS 

Field  work  for  this  study  was  limited  to  recognition  of  lithologic  variations 
between  and  within  units  and  collection  of  representative  samples.  Under¬ 
wood’s  (1963)  map  was  used  for  these  purposes.  A  total  of  67  samples  was 
collected  and  studied.  Most  samples  were  taken  along  traverses  that  not  only 
cover  the  maximum  number  of  distinct  units,  but  also  vertical  and  lateral 
changes  within  units.  Figure  1  illustrates  the  areal  distribution  of  igneous 
rocks  and  sample  locations.  Underwood’s  (1963)  unit  names  are  retained,  and 
the  mineralogy  and  chemistry  of  each  unit  are  presented  in  the  sections  to 
follow. 

Whole-rock  analyses  followed  study  of  thin  sections.  X-ray  fluorescence 
methods  were  used  to  analyze  for  10  elements  (Al,  Ca,  Fe,  K,  Mg,  Mn,  Rb,  Si, 
Sr,  Ti),and  neutron  activation  methods  were  used  for  2  elements  (Na,  U).  For 
X-ray  analysis,  sample  preparation  followed  a  procedure  modified  from 
Hooper  and  Atkin  (1969).  This  method  involves  fusion  of  pulverized  sample 
with  lithium  tetraborate  and  irradiation  of  a  carefully  polished  surface  of  the 
fusion  bead.  For  analytical  standards,  W-l ,  G-2,  GSP-1 ,  and  AGV-1  from  the 
U.  S.  Geological  Survey  (Flanagan,  1967),  and  the  Bureau  of  Standards 
No.  70a  (Potassium  Feldspar)  were  used:  standards  of  intermediate  composi¬ 
tion  were  made  by  mixing  2  of  the  above  in  known  proportions.  Standard 
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Figure  1 :  Geological  map  of  the  Eagle  Mountains,  Trans-Pecos,  Texas  with  index  map 
and  sample  locations  (geology  after  Underwood,  1963). 
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pellets  were  prepared  the  same  way  as  the  samples.  Precision  of  analysis  is 
approximately  3%  of  the  amount  for  major  elements  and  10%  for  minor 
elements. 

PETROGRAPHY 
Lower  Rhyolite 

The  unit  is  500  to  1,000  feet  thick;  it  is  locally  the  most  variable  unit  in 
the  Eagle  Mountains,  containing  flow  features,  flow  breccia,  breccia,  tuff,  and 
sedimentary  lenses.  The  Lower  Rhyolite  is  essentially  an  aegirine  rhyolite; 
local  variation  in  the  amount  of  mafics  arises  mainly  from  the  degree  of 
devitrification.  This  rock  contains  an  average  of  16%  phenocrysts,  which  are 
predominantly  quartz,  alkali  feldspar,  and  aegirine-augite.  Minor  amounts  of 
carbonate,  zircon,  and  opaques  are  usually  present.  The  absence  of  sodic 
amphibole  in  this  rock  is  distinctive  from  many  similar  rocks  of  West  Texas 
(i.e.  Lonsdale,  1940). 

Trachyte  Porphyry 

In  the  northwest  corner  of  the  Eagle  Mountains,  Underwood  (1962) 
measured  750  feet  of  the  Trachyte  Porphyry.  This  rock  is  generally  quartz- 
free,  but  locally  it  may  have  as  much  as  10%  quartz  in  the  groundmass.  On  the 
western  side  of  Eagle  Mountain,  the  trachyte  is  red  to  brown  due  to  the 
presence  of  finely  dissiminated  iron  oxides  (analysis  of  this  rock  yields  an 
average  total  Fe  as  Fe203  of  6.23%  whereas  that  for  the  gray  trachyte  on  the 
eastern  side  of  the  mountains  is  4.43).  The  size  and  shape  of  phenocrysts  in 
trachytes  of  the  2  locations  are  also  different.  This  has  led  both  Gillerman 
(1953)  and  Underwood  (1962)  to  believe  that  the  unit  may  represent  more 
than  one  eruptive  phase.  However,  there  is  little  difference  in  the  amount  and 
composition  of  phenocrysts  in  trachyte  of  the  2  locations;  both  have,  on  the 
average,  31%  phenocrysts,  which  are  predominantly  alkali  feldspar  and  some 
opaques. 

Upper  Rhyolite 

The  Upper  Rhyolite  unit  consists  of  rhyolite,  breccia,  and  flow  breccia  of 
about  2,000  ft  total  thickness.  There  is  little  difference  in  mineralogy  between 
phenocrysts  of  this  rock  and  those  of  the  Lower  Rhyolite;  both  have  16% 
phenocrysts,  which  are  chiefly  quartz,  alkali  feldspar,  and  aegirine-augite. 
Present  in  this  unit,  but  not  in  the  Lower  Rhyolite,  is  an  unidentified  zeolite 
which  occurs  as  finely  intergrown  aggregates.  Zeolites  are  especially  abundant 
in  and  around  inclusions  and  vesicles.  Identification  as  a  zeolite  is  based  on 
the  very  low  refractive  index  and  birefringence;  X-ray  diffraction  analysis  of 
this  material  was  not  possible  because  of  its  small  size  and  extreme  difficulty 
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in  separating  it  from  the  intergrown  quartz  and  feldspars.  In  some  breccia  of 
the  Upper  Rhyolite,  quartzose  inclusions  of  apparent  sedimentary  derivation 
are  present. 

Eagle  Peak  Syenite 

This  unit  was  first  named  by  Gillerman  (1953).  It  occurs  as  a  small  cres¬ 
cent-shaped  stock  at  and  around  Eagle  Peak  and  as  8  other  smaller  outcrops 
probably  related  to  the  major  intrusion.  The  rock  is  porphyritic,  with  pheno- 
crysts  a  few  millimeters  in  size  in  a  fine  (less  than  1  mm)  groundmass.  The 
major  phenocryst  constituents  of  this  rock  are  euhedral  alkali  feldspar, 
aegirine-augite,  iron  olivine,  altered  mafics,  and  opaques.  Near  the  south  edge 
of  the  main  stock  a  darker-colored  variety  of  this  rock  is  present;  the  higher 
content  of  Ca  and  mafics  of  this  rock  indicate  that  perhaps  it  should  be  more 
properly  termed  a  “syenodiorite”  as  described  elsewhere  in  West  Texas  (Max¬ 
well,  etal.,  1967). 

CHEMISTRY 

A  summary  of  analytical  results  on  Eagle  Mountain  igneous  rocks  is  pre¬ 
sented  in  Table  1,  where  for  each  rock  unit  appear  the  maximum,  minimum, 
and  average  content  of  a  given  oxide  (in  bracket),  and  the  number  of  samples 
used  in  averaging  (in  2nd  bracket).  Because  of  its  small  quantity,  only  one 
basalt  specimen  was  analyzed.  No  attempt  was  made  to  separate  Fe”  from 
Fe  " ' all  iron  is  reported  as  Fe203 

According  to  Peacock’s  alkali-lime  index,  the  series  of  rocks  in  the  Eagle 
Mountains  is  alkali  to  alkali-calcic.  This  index  is  the  weight  percentage  of  silica 
for  which  the  weight  percentages  of  Na20  plus  K2O  equal  that  of  CaO  (Pea¬ 
cock,  1931).  The  one  basalt  present  is  similarly  classified  as  an  alkali  basalt. 

Trends  on  Alk-Fe-Mg  and  Na-K-Ca  diagrams  for  the  rocks  of  the  Eagle 
Mountains  are  similar  to  those  of  several  alkali  igneous  rock  series  reported  by 
Nockolds  and  Allen  (1954).  Similarity  of  trends  is  evident  when  compared 
with  those  of  the  Easter  Island  basalt-alkali  rhyolite  series  and  the  East  Cen¬ 
tral  Sierra  Nevada  latite  series  (Fig.  2). 

To  facilitate  visual  examination  in  the  change  from  one  unit  to  the  next, 
the  analytical  data  are  plotted  in  Figure  3,  where  the  average  content  of  a 
given  oxide  (or  element)  for  each  of  the  4  major  units  are  used,  and  the  units 
are  arranged  in  the  order  from  the  first-emplaced  Lower  Rhyolite  at  the 
bottom  to  the  last-emplaced  Syenite  at  the  top.  Dashed  lines  used  between  the 
Trachyte  and  Upper  Rhyolite  serve  as  a  reminder  that  variations  between  the 
2  upper  units  are,  in  general,  similar  to  those  between  the  2  lower  units.  That 
the  emplacement  of  the  4  major  rock  units  took  place  in  2  episodes--the  first 
gave  rise  to  Lower  Rhyolite  and  Trachyte,  the  2nd  Upper  Rhyolite  and  Syenite 
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LOWER 

RHYOLITE 

TRACHYTE 

UPPER 

RHYOLITE 

EAGLE  PEAK 
SYENITE 

BASALT 

Si02  % 

80.86 

(75.42)  (7) 

68.89 

69.78 

(68.39)  (3) 
67.65 

75.68 

(73.21)  (6) 

67.08 

67.54 

(66.06)  (5) 
64.31 

52.50 

Al203  % 

15.68 

(13.62)  (7) 

12.04 

16.23 

(15.96)  (3) 

15.43 

14.49 

(13.83)  (6) 

13.43 

16.28 

(15.82)  (5) 

14.98 

15.60 

CaO  % 

1.37 

(0.  61)  (12) 
0.35 

1.64 

(0.88)  (12) 
0.43 

1.73 

(0.67)  07) 
0.31 

2.42 

(1.71)  09) 

0.91 

7.38 

K20  % 

6.80 

(5.70)  (12) 

4.69 

7.  15 

(6.13)  02)  | 
4.78 

7.  32 

(6.52)  07) 
4.99 

6.33 

(5.99)  09) 

5.63 

1.75 

Nq20  % 

4.78 

(3.09)02) 

1.07 

4.79 

(4.05)02) 

2 .85 

4.84 

(3.05)  06) 

1.57 

4.99 

(4.26)  09) 

3.52 

4.14 

MgO  % 

0.30 

(0.05)  02) 
0.00 

0.53 

(0.28)  (12) 
0.10 

0.28 

(0.03  )  07) 
0.00 

0.96 

(0.56)  09) 

0.27 

6.03 

Fe203  % 

5.16 

(2.28)  02) 
0.40 

7. 14 

(5.22)  02) 

3.58 

6.19 

(2.46)  07) 

1.60 

9.48 

(6.79)  09) 

5.78 

12.13 

Ti02  % 

0.38 

(0.21  )  (12) 
0.07 

0.57 

(0.49)  02) 
0.40 

0.48 

(0.18  )  07) 
0.08 

0.63 

(0.55)  09) 

0.43 

2.51 

MnO  % 

0.08 

(0.06)  (12) 
0.05 

0.15 

(0.10)  (12) 
0.08 

0.13 

(0.06)07) 

0.05 

0.17 

(0.15)  09) 
0.12 

0.13 

Rb  PPm 

364 

(  318)  02) 

269 

290 

(  257)  (12) 
226 

362 

(326)  07) 

261 

253 

(234)  09) 

213 

34.5 

Sr  PPm 

180 

(  167)  02) 

138 

184 

(162)  (6) 
144 

181 

(163)  07) 

144 

179 

(161)  09) 

142 

724 

U  PPm 

3.32 

(3.20)  (2) 

308 

6.95 

(4.46)  (6) 

3.26 

6.76 

(5. 19)  (8) 

4.05 

3.50 

(2.95)  (9) 

2.46 

1.63 

Table  1 :  Chemical  composition  of  igneous  rocks  of  the  Eagle  Mountains. 

(Numbers  represent  the  maximum,  mean,  minimum,  and  number 
of  samples  analyzed;  mean  is  in  large  numerals  in  bracket,  sample 
number  in  second  bracket). 

--is  also  indicated  by  field  relations.  Gillerman  (1953)  found  that  the  change 
from  Lower  Rhyolite  to  Trachyte  is  gradual  and  continuous,  whereas  between 
the  Trachyte  and  Upper  Rhyolite  the  presence  of  conglomerate  at  the  base  of 
the  rhyolite  and  other  erosional  features  indicate  a  period  of  quiescence  be¬ 
fore  the  eruption  of  the  Upper  Rhyolite.  Except  for  K2O,  and  U,  all  of  the 
chemical  constituents  in  Figure  3  confirm  the  2 -cycled  nature  in  the  crystalli¬ 
zation  of  the  Eagle  Mountain  magma.  Within  each  cycle,  however,  there  is  a 
decrease  in  silica  saturation  toward  the  later  stage. 
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a  -  Fe,  Mg,  Aik  curve  for  Eagle  Mountains 

a1  -  Fe,  Mg,  Aik  curve  for  Easter  Island  Series 

a"  -  Fe,  Mg,  Aik  curve  for  East  Central  Sierra  Nevada 

b  -  K,  Na,  Ca  curve  for  Eagle  Mountains 

b*  -  K,  Na,  Ca  curve  for  Easter  Island  Series 

bn  -  K,  Na,  Ca  curve  for  East  Central  Sierra  Nevada 


Figure  2:  Variation  diagram  of  the  rock  series  of  Easter  Island,  East  Central 
Sierra  Nevada,  and  Eagle  Mountains. 


Results  of  the  analyses  for  3  trace  elements  show  that  Rb  concentrations 
are  normal  for  alkali  gabbroids  and  leucocratic  alkaline -earth  syenites  (Vlasov, 
1966).  In  fact,  the  rather  low  K/Rb  values  found  also  correspond  well  to  many 
of  the  K/Rb  values  in  alkali  rocks  of  Russia  (Vlasov,  1964).  The  unit  averages 
for  Rb  vary  proportionally  with  that  for  Si02,  both  being  high  in  the  rhyolites 
and  low  in  the  trachyte  and  syenite.  Strontium,  on  the  other  hand,  shows  the 
same  magnitude  of  variation  in  all  units,  approximately  140  ppm  to  180  ppm; 
within -unit  variations  are  not  systematic.  The  unit -averages  of  Sr  are  practi¬ 
cally  a  constant  162  ppm,  which  falls  between  the  averages  for  low-Ca  granites 
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Figure  3:  Changes  in  chemical  composition  of  igneous  rocks  of  the  Eagle 
Mountains. 

and  syenites  of  Turekian  and  Wedepohl  (1961).  The  Ca/Sr  ratios  of  the  4 
major  units  vary  inversely  with  SiC^. 

In  the  lower  rhyolite  and  the  syenite  uranium  concentrations  (avg.  3.20  and 
2.95  ppm  respectively)  are  in  agreement  with  the  3  ppm  for  the  averages  of 
similar  rocks  reported  by  Turekian  and  Wedepohl  (1961).  Higher  uranium 
concentrations  and  greater  within-unit  variations  present  in  the  middle  2  units 
are  difficult  to  explain. 

Two  plots  of  elemental  ratios  have  also  been  used  to  illustrate  the  chemical 
changes  of  these  units,  K/Rb  versus  Rb/Sr  (Fig.  4)  and  Fe/Mg  versus  K/Ca 
(Fig.  5).  In  processes  of  differentiation  and  partial  melting,  mafic  phases  in¬ 
corporate  both  Mg  and  Fe  but  normally  have  lower  Fe/Mg  ratios  than  co¬ 
existing  liquids,  while  K  and  Ca  normally  enter  separate  phases,  such  as  K- 
feldspar/plagioclase  or  melt-clinopyroxene.  The  ratios  K/Rb  and  Rb/Sr  can  be 
quite  diagnostic  of  such  processes.  Rb  substitutes  to  some  extent  for  K  and  Sr 
for  both  Ca  and,  to  a  lesser  extent,  for  K.  Table  2  lists  substitutions  in  phases 
of  interest  to  this  study  in  terms  of  partition  coefficients,  the  ratio  of  concen- 
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Figure  4:  K/Rb  versus  Rb/Sr  for  igneous  rocks  of  the  Eagle  Mountains. 

(lr  =  Lower  Rhyolite;  t  =  Trachyte;  ur  =  Upper  Rhyolite; 
ep  -  Eagle  Peak  Syenite;  2  varieties  of  Eagle  Peak  Syenite  are 
represented  by  sy  ~  syenite  and  sd  =  syenodiorite). 


Figure  5:  Fe/Mg  versus  K/Ca  for  igneous  rocks  of  the  Eagle  Mountains. 

(lr  =  Lower  Rhyolite;  t  =  Trachyte;  ur  =  Upper  Rhyolite; 
ep  =  Eagle  Peak  Syenite;  2  varieties  of  Eagle  Peak  Syenite  are 
represented  by  sy  =  syenite  and  sd  =  syenodiorite). 
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trations  of  an  element  in  2  coexisting  phases,  in  this  case  a  silicate  and  liquid. 
The  coefficients  indicate  that  in  differentiation  involving  such  phases,  K/Rb 
and  Rb/Sr  increase;  in  partial  melting  processes  the  ratios  depend  on  the 
degree  of  melting  and  the  residual  phases. 

Both  sets  of  ratios  (Figs.  4  and  5)  show  that  the  4  major  rock  units  always 
appear,  as  indicated  by  the  position  of  each  unit  relative  to  the  others  on  the 
plot,  as  2  distinctive  sequences,  Lower  Rhyolite-Trachyte  and  Upper  Rhyo¬ 
lite-Syenite;  both  sequences  have  identical  trend.  Because  the  older  member 
of  each  sequence  has  a  higher  Si02  content  than  the  younger,  these  are  either 
reversed  differentiation  trends  or  progressive  partial  melting  trends,  possibili¬ 
ties  we  discuss  below. 

Igneous  rocks  of  the  Eagle  Mountains  are  chemically  similar  to  those  of 
other  areas  of  West  Texas,  such  as  Terlingua-Solitario  (Lonsdale,  1940)  and 
Tascotal  Mesa  Quadrangle  (Erickson,  1953).  However,  they  are  distinctive 
from  these  localities  by  having  higher  K  and  Rb  concentrations,  and  lower 
K/Rb  and  Na/K  ratios.  Siems(1968)  reported  the  occurrence  of  a  sequence  of 
alkali-rich  rocks  in  the  Rosita  Hills-Silver  Cliffs  area  of  Colorado.  The  chemis¬ 
try  as  well  as  the  alternatively  high  and  low  silica  content  from  unit  to  unit  in 
these  rocks  resemble  closely  the  rocks  of  the  Eagle  Mountains. 

DISCUSSION 

Chemical  variations  in  the  lava  series  of  the  Eagle  Mountains  are  character¬ 
ized  by  a  2-cycle  variation  from  a  SiC^-rich  rhyolite  to  a  trachyte  or  syenite 
barely  saturated  with  Si02-  Such  trends  are  not  uncommon,  for  example,  Ter- 
lingua,  Texas  (Lonsdale,  1940),  and  many  ashflows  in  Nevada  (Lipman,  et  al, 
1966). 

Notwithstanding  the  possibility  of  minor  fractionation  towards  a  silica- 
undersaturated  magma  product  by  subtraction  of  feldspar  containing  Fe  for 
A1  (Bailey  and  Schairer,  1966),  no  experimental  phase  systems  are  known 
which  can  explain  a  major  trend  towards  silica-undersaturation.  Rather,  such 
sequences  may  be  products  of  successive  eruption,  from  top  to  bottom,  of 
compositionally -zoned  magma  chambers  (Lipman,  et  al ,  1966).  Zones  may 
be  formed  by  fractionation  and  crystal  settling  and/or  by  fractional  melting 
of  sialic  crust.  In  lavas  of  the  Eagle  Mountains  an  inverse  correlation  of  pheno- 
cryst  content  (16,  31 ,  16,  and  34%  from  the  Lower  Rhyolite  to  the  Syenite) 
with  SiC>2  content  agrees  with  observations  of  Lipman,  et  al  (1966)  on  ash- 
flow  tuffs. 

Unfortunately,  quantitative  consideration  of  fractionation  indicates  that 
crystal  settling  is  not  a  viable  mechanism.  Table  3  lists  compositions  of  melts 
which  can  be  derived  from  parent  melts  with  compositions  of  the  Trachyte 
and  Syenite  by  fractionation  involving  phenocrysts  of  the  lavas.  Inasmuch  as 
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no  mineral  data  were  available,  assumed  compositions  are:  magnetite,  28% 
Fe2Ti04,  72%  Fe304;  clinopyroxene,  C^gFeqqMg^  (mole);  K-feldspar, 
Oi55Ab45  (weight).  A  mass-balance  computer  program  was  used  to  fit  all 
major  elements  by  least -squares  (Bryan,  1969).  Addition  of  quartz  and/or 
fayalite  phenocrysts  produced  notably  poor  fits.  Trace  elements  were  then 
calculated  from  the  calculated  proportions  of  phases  (in  each  case  about  3 
weight  %  magnetite,  5%  clinopyroxene,  50%  K-feldspar,  and  40%  daughter 
rhyolite  magma).  Partition  coefficients  from  Table  2  were  used  to  estimate 
Rb  and  Sr  contents  of  phenocrysts.  This  procedure  over-estimates  Sr  deple¬ 
tion  and  Rb  enrichment,  inasmuch  as  the  phenocrysts  must  change  composi¬ 
tion  as  the  magma  changes.  Sr  contents  were  actually  calculated  as  negative. 
However,  a  more  sophisticated  Rayleigh  fractionation  is  not  needed  to  show 
that  although  a  reasonable  major  element  fit  can  be  obtained,  Sr  is  depleted 
so  strongly,  in  contrast  to  the  nearly  constant  content  of  the  lavas,  that  any 
fractionation  involving  K-feldspar  is  not  possible. 

It  is  still  possible  that  a  zoned  magma  chamber  formed  by  fractional  melt¬ 
ing  of  crust,  although  crustal  melting  normally  produces  calc-alkaline  magmas 
of  different  trace-element  content.  More  likely,  magma  compositional  differ¬ 
ences  were  produced  by  fractionation  at  deeper  levels  involving  phases  not 
now  phenocrysts  or  by  different  degrees  of  partial  melting  at  the  source  of 
the  whole  lava  series.  Lipman,  et  al.  (1972)  suggest  that  early  and  middle  Cen- 


TABLE  2.  PARTITION  COEFFICIENTS  FOR  SELECTED 

PHASES,  FROM  PHILPOTTS  AND  SCHNETZLER 
(1970). 


DSr 

DRb 

dk 

K- feldspar 

3.87 

0.66 

1.49 

clinopyroxene 

0.52 

0.03 

0.04 

phlogopite 

0.08 

3.06 

2.65 

biotite 

0.12 

3.26 

5.63 

hornblende 

0.55 

0.43 

1.40 

plagioclase 

1.83 

0.05 

0.14 
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TABLE  3.  Observed  compositions  of  two  rhyolites  and  compositions  cal¬ 
culated  for  lavas  derived  by  fractionation. 


Parent 

Trachyte 

Syenite 

Product 

L.  Rhyolite 

U.  Rhyolite 

obs . 

calc . 

obs. 

calc. 

Si02 

75.42 

75.81 

73.21 

74 

.07 

Ti02 

.21 

.28 

.18 

.35 

AI2O3 

13.62 

14.31 

13.83 

14 

.68 

Fe203 

2,28 

2.30 

2.46 

2 

.52 

MgO 

.05 

.18 

.03 

.22 

CaO 

.61 

.70 

.67 

.70 

Na20 

3.09 

3.18 

3.05 

3 

.37 

k2o 

5.70 

6.60 

6.52 

5 

.22 

Rb 

318 

382 

326 

438 

Sr 

167 

0 

163 

0 

ozoic  volcanic  rocks  of  the  Western  United  States  formed  by  partial  melting 
in  a  subduction  zone  which  operated  as  far  east  as  the  West  Texas  field.  Like 
present-day  island  arcs,  such  volcanism  becomes  more  alkalic  away  from  the 
oceanic  trench  at  which  the  subducted  oceanic  plate  plunges  beneath  the  con¬ 
tinent.  Thus  West  Texas  lavas  are  distinctly  alkalic. 

Although  calc-alkaline  andesites  can  be  derived  by  partial  melting  of  basalt 
(Green  and  Ringwood,  1968),  phase-equilibria  mechanisms  for  deriving  in¬ 
creasingly  alkalic  lavas  with  depth  to  the  Benioff  Zone  are  incompletely 
understood.  Use  of  partition  coefficients  for  K,  Rb,  and  Sr  and  content 
ranges  in  mineral  phases  (Philpotts  and  Schnetzler,  1970)  with  data  on  Eagle 
Mountains  rocks  indicates  the  lavas  may  have  been  in  equilibrium  with  clino- 
pyroxene  or  mica,  but  have  too  high  Rb  and  K  contents  to  have  been  in  equi¬ 
librium  with  amphibole.  Melting  of  mica  may  explain  the  varying  Si02  and 
alkali  contents  of  the  rocks,  including  an  inverse  correlation,  while  Ca  and  Sr 
partitioning  may  be  controlled  by  clinopyroxene.  Early  production  of  rhyo¬ 
lite  by  a  small  amount  of  melting  may  have  been  followed  by  melting,  involv¬ 
ing  small  amounts  of  mica,  which  produced  more  alkalic,  less  silica-saturated 
rocks. 
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From  time  immemorial,  the  oceans  have  been  a  constant  source  of  specula¬ 
tion  for  man  surrounded  by  a  great  deal  of  superstition.  The  enigma  and  para¬ 
doxes  of  “the  deep”  have  nurtured  the  “mystique”  that  has  been  perpetuated 
by  man  from  one  generation  to  the  next.  To  a  large  degree  the  inability  to 
recognize  the  value  of  the  oceans  and  the  perpetuation  of  this  “mystique” 
about  the  oceans  persists  for  many  people  even  today.  However,  the  future  of 
man  on  this  planet  may  very  well  depend  much  more  on  the  oceans  and  the 
products  from  them,  beyond  the  point  of  fascination  and  mystery  to  one  of 
dependence  and  necessity,  than  is  presently  understood  by  the  average  layman. 

A  number  of  people  today  are  somewhat  aware  of  the  tremendous  poten¬ 
tial  of  the  oceans  even  though  man,  in  his  infinite  wisdom,  has  barely 
scratched  the  surface  of  this  potential.  However,  there  are  hopeful  signs  on  the 
horizon. 

Many  countries  of  the  world  now  have  large  ocean  going  research  vessels 
designed  to  ply  the  oceans  for  sustained  periods  of  time  to  study  the  character¬ 
istics  of  the  ocean  environment,  both  surface  and  sub-surface. Additionally, 
monies  are  being  provided  by  these  countries  to  train  personnel  for  marine 
exploration  and  to  establish  sound  research  programs  that  are  reaping  major 
benefits  for  these  governments.  Oceanographic  data  have  been  a  spin  off  of 
the  space  exploration  program  which  will,  no  doubt,  further  aid  scientists  in 
the  study  of  the  marine  environment.  Studies  are  underway  that  will  enable 
man  to  live  and  work  in  the  marine  environment  for  long  periods  of  time. 
Mariculture,  the  science  of  utilizing  the  salt  water  environment  for  growing 
food  supplies  for  man,  has  shown  considerable  encouraging  results.  Many 
other  programs  being  initiated  and  carried  out  are  too  numerous  to  mention 
in  this  brief  presentation.  However,  does  this  increased  knowledge,  or  for  that 
matter  does  the  study  of  marine  science  relate  to  the  public  school  program, 
specifically  the  elementary  curriculum  and  should  marine  science  be  related 
and  integrated  in  the  learning  program?  If  the  answer  to  this  question  is  yes, 
then  are  there  problems  associated  with  the  teaching  of  this  scientific  area  in 
the  elementary  classroom? 
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With  respect  to  the  first  of  the  two  questions  above,  the  answer  is  clearly 
yes  for  a  number  of  reasons. 

One,  if  man  is  to  understand  and  utilize  the  marine  environment  to  its 
maximum  potential,  then  the  average  layman  is  going  to  have  to  be  familiar 
with  and  interested  in,  beyond  the  point  of  fascination  and  mystery,  the  value 
of  the  world’s  large  salt  bodies. 

Two,  to  make  maximum  use  of  the  environment,  research  funds  must  be 
channeled  into  programs  designed  to  develop  all  facets  of  the  study  of  the 
oceans. 

Three,  cognizance  and  study  of  a  large  part  of  the  planetary  environment 
of  man  (the  salt  water  areas  of  the  world  make  up  about  53%  of  the  planet) 
cannot  come  too  early  in  the  academic  program  of  the  school  -  thus  initiating 
the  study  of  marine  science  in  the  elementary  grades  is  neither  too  early  nor 
too  difficult  for  the  school  age  child. 

Four,  teachers  in  the  elementary  grades  generally  study  biology  or  some 
aspect  of  biology  using  terrestrial  life  (if  they  study  science  at  all)  but  the 
same  kinds  of  scientific  concepts,  understandings  and  facts  can  be  studied  us¬ 
ing  life  from  the  oceans.  The  animals  and  plants  that  live  on  this  planet  are 
not  divided  into  2  general  groups  based  upon  whether  or  not  they  live  on  the 
continents  or  in  the  oceans  of  the  Earth,  but  rather  are  categorized  as  to 
whether  they  are  plants  or  animals  regardless  of  environment. 

Five,  elementary  students  generally  are  very  interested  in  the  study  of  Sci¬ 
ence.  This  holds  true  when  the  marine  environment  is  introduced. 

Six,  elementary  youngsters  can  and  do  learn  and  understand  many  con¬ 
cepts  and  facts  of  the  marine  environment  when  presented  to  them  as  a  part 
of  their  regular  science  work.  In  fact,  our  research  has  shown  that  they  learn 
marine  science  as  well  as  any  other  science  area  of  the  curriculum. 

Seven,  marine  science  is  no  harder  for  the  teacher  to  teach  than  any  other 
science  area.  Many  teachers  feel  that  their  backgrounds  are  inadequate  and 
that  they  are  ill-trained  in  any  science  area.*  Thus,  many  teachers  build  their 
backgrounds  (on  the  job  training)  in  any  and  all  science  areas  they  choose  to 
teach  and  it  should  be  no  more  difficult  to  make  the  marine  environment  one 
of  these  areas  of  background  building  than  to  choose  any  other  science  area. 

Eight,  to  the  author’s  knowledge  there  is  no  centralized,  concerted  Fed¬ 
erally  funded  project  to  develop  a  marine  science  curriculum  for  the  elemen¬ 
tary  grades  similar  to  the  nationally  oriented  programs  of  the  1960’s  (AAAS, 
SCIS,  ESS,  etc)  but  the  question  can  be  raised  -  shouldn’t  there  be  such  a  pro- 

*For  elementary  certification,  the  State  of  Texas  requires,  as  a  minimum  program  6 
hours  from  2  of  the  following:  science,  math  and  foreign  language.  Thus,  an  elementary 
certification  program  can  be  completed  devoid  of  any  college  science  training.  Many 
colleges  and  universities  go  beyond  this  but  some  do  not. 
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ject  if  we  are  to  have  an  informed  citizenry  cognizant  of  man’s  total  environ¬ 
ment?  In  one  of  the  large  developmental  projects  of  the  1960’s  in  elementary 
science,  the  marine  environment  was  a  part  of  an  over-all  science  program  be¬ 
ing  developed  in  California,  but  the  program  has  since  been  discontinued.  The 
fact  that  the  marine  environment  was  a  part  of  the  program  did  not  cause, 
singularly,  the  discontinuance  of  the  program  but  it  did  contribute  to  this. 
How?  The  researchers  were  not  able  to  convince  inland  school  officials  and 
teachers  of  the  value  of  using  the  marine  environment  as  a  vehicle  for  study  - 
they  (the  school  personnel)  believed  that  only  the  coastal  schools  should 
study  marine  science  -  how  unfortunate  for  those  students! 

Now  to  address  the  second  question  previously  given  -  Are  there  problems 
of  “selling”  the  use  of  marine  science  as  an  acceptable  vehicle  for  the  study 
of  science  in  the  elementary  grades?  As  previously  stated,  the  obvious  answer 
to  that  question  is  an  emphatic  yes.  Why? 

First,  there  is  an  apparent  public  apathy  in  this  country  for  the  study  of 
marine  science  whether  or  not  the  school  is  inland  or  coastal.  There  seems  to 
be  a  feeling  that  there  the  oceans  are,  we  can  study  them  anytime,  why  rush? 
This  was  pretty  much  the  feeling  of  people  about  the  air  we  breathe  until 
ecologists  pointed  out  the  fact  that  man  could  be  in  serious  trouble  if  the 
world’s  population  continued  to  ignore  pollution  and  misuse  of  the  air 
(atmosphere).  The  same  type  of  thinking  is  happening  about  the  oceans  -- 
they  will  always  be  available  for  use  -  won’t  they? 

Second,  in  the  past  this  country  has  put  little  of  the  available  research 
funds  in  marine  projects  while  Russia  and  her  satellites  have  extensively 
supported  marine  research.  The  picture  now  seems  to  be  brightening  some 
but  not  quickly  enough. 

Third,  there  still  appears  to  be  a  feeling  that  only  coastal  schools  can  and 
should  utilize  the  marine  environment.  Admittedly,  inland  schools  face  some 
difficulties  in  accessibility  to  the  salt  water  environment,  but  these  do  not  and 
should  not  preclude  the  establishment  of  a  marine  science  study  center  at  an 
inland  school.  In  other  words,  these  difficulties  can  be  offset  by  the  value 
received  in  the  use  of  a  marine  science  study  center. 

Fourth,  the  graduation  of  marine  specialists  has  not  kept  pace  with  the 
number  of  graduates  in  other  fields  due  to  an  apparant  lack  of  monetary 
support  and  positions  available.  However,  this  seems  to  be  improving  some¬ 
what. 

Fifth,  there  has  been  little  effort  put  forth  in  the  training  of  college  stu¬ 
dents  in  biology  to  include  a  somewhat  “in  depth”  study  of  the  marine 
environment.  In  many  schools  marine  science  is  given  a  cursory  treatment  in 
biology  or  put  on  an  elective  basis  for  the  student  in  making  out  his  program. 
Perhaps,  there  should  be  one  required  course  in  marine  science  as  a  minimum 
standard  for  all  biology  majors. 
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Sixth,  the  people  in  science  have  not  been  convinced  of  the  value  of  cur-  | 
ricular  research  and  some  have  the  feeling  that  only  coastal  schools  can  do  a 
good  job  of  research  and  teaching  in  marine  science.  This  is  somewhat  enig-  j 
matic  to  the  author.  If  marine  science  is  ever  to  be  included  in  the  public 
school  program  it  should  and  will  come  about  from  the  result  of  the  efforts 
of  research  programs  in  curricular  development.  Also,  there  are  inland  “ports” 
far  removed  from  the  marine  environment  that  have  access  to  salt  water  areas. 
Tulsa,  Oklahoma  is  one  of  our  newest  ports  many  miles  from  the  Gulf  of 
Mexico.  Dallas-Ft.  Worth  could  be  another  one  that  is  far  removed  from  the 
Gulf  of  Mexico  but  accessible  to  the  salt  water  environment. 

Seventh,  there  are  too  few  people  who  really  understand  Piaget’s  work  on 
how  a  child  learns  and  its  application  to  the  young  learner.  For  instance, 
many  educators  and  scientists  feel  that  the  elementary  child  cannot  adequate¬ 
ly  learn  marine  science  concepts,  understandings  and  facts,  when  research  has 
shown  just  the  opposite  to  be  true.  The  author’s  own  research  during  the  past 
year  has  resulted  in  positive  statistical  proof  that  selected  marine  science  con¬ 
cepts,  understandings  and  facts  can  and  are  learned  by  youngsters  in  grades  1-6. 

Eight,  many  teachers  and  administrators  in  the  public  schools  do  not  see 
any  need  whatsoever  to  include  marine  science  as  a  part  of  the  elementary 
school  program. 

Ninth,  some  teachers,  when  asked  to  include  marine  science  in  the  science 
program  indicated  in  a  research  study  done  by  the  author  that  30-45  minutes 
per  day  for  science  was  too  long  for  elementary  youngsters  and  refused  to 
include  the  marine  environment.  Therefore  marine  science  study  was  a  victim 
of  the  “spin-off”  feeling  about  science. 

Tenth,  teachers  often  feel  that  science  vocabulary,  especially  related  to 
marine  science ,  is  too  difficult  for  elementary  youngsters.  Many  preschool 
research  studies  indicate  that  science  vocabulary  is  not  too  difficult  for  these 
youngsters  and  is  a  necessary  part  of  maximizing  their  learning.  Thus,  if  these 
youngsters  can  handle  vocabulary,  why  couldn’t  older  youngsters  do  the 
same? 

Eleventh,  the  comment  is  often  made  that  salt  water  supplies,  materials 
and  aquaria  are  difficult  to  obtain  and  maintain  in  the  classroom.  This  is  no 
longer  true.  Supplies  and  materials  are  available  from  various  vendors  for 
a  nominal  expense  and  instructions  for  the  use  and  maintenance  of  these 
supplies  are  readily  available.  Additionally,  there  are  various  sources  of  syn¬ 
thetic  salts  (that  include  the  trace  elements  necessary  for  a  marine  environ¬ 
ment)  that  are  easily  obtained  and  when  used  very  closely  approximate  the 
true  salt  water  environment  (Bennett,  1972;  Carolina  Biological  Supply  Co., 
1972  a  &b.) 

Twelfth,  this  particular  last  indictment  is,  perhaps,  the  most  unfortunate 
and  gives  the  author  the  greatest  insight  into  some  of  the  public  school 
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dilemma  today  -  many  schools  were  not  interested  in  trying  anything  new  or 
innovative  when  they  were  asked  to  incorporate  a  new  marine  science  program 
in  the  curriculum.  These  people  wanted  to  “stick  with”  the  tried  and  true 
textbook  oriented  program.  How  far  would  our  scientific  endeavors  have  pro¬ 
gressed  the  last  50  years  had  this  idea  prevailed  in  our  scientific  community? 
What  can  one  say  of  the  training  boys  and  girls  are  receiving  in  these  schools? 
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Notes  Section 

STORERIA  DEKAYI  TEXAN  A  FROM  THE  CAPROCK  OF  NORTHWEST 
TEXAS  --  A  specimen  of  the  Texas  Brown  Snake,  Storeria  dekayi  texana,  TNHC  41224, 
was  found  29  August  1972,  5  mi  east  of  Crosbyton,  Crosby  Co,  Texas.  The  nearest 
records  of  the  species  are  Wheeler  Co,  Tx  (Raun  and  Gehlbach,  1972,  Dallas  Mus.  Nat. 
Hist.,  Bull.  2,  Pt.  1)  135  mi  NNE  in  the  Red  River  drainage;  Palo  Pinto,  Palo  Pinto  Co, 
Tx  (Brown,  1950,  Checklist,  Rept.  &  Amphib.  Tex.,  Baylor  Univ.  Press)  175  mi  ESE  in 
the  Brazos  drainage;  Putnam,  Callahan  Co,  Tx  (Brown,  op .  cit.  ),  150  miSE  in  the  Colo¬ 
rado  drainage;  and  13  mi  SW  San  Angelo,  Tom  Green  Co,  Tx  (ASU  4413),  165  mi  SSE 
in  the  Colorado  drainage.  This  record  extends  the  known  range  of  the  species  175  airline 
miles  up  the  Brazos  River  drainage  to  the  base  of  the  caprock.  The  specimen,  when  taken 
by  the  writer,  was  crawling  on  a  grassy  bank  of  a  small  reservoir  created  behind  a  dam 
across  the  White  River  approximately  150  m  south  of  US  Hwy  82.  Other  members  of  the 
herpetofauna  taken  include  Natrix  erythrogaster  transvena,  Acris  crepitans  blanchardi, 
and  Rana  sp.  (plains  form  of  pipiens  complex).  A  single  Rana  catesbiana  adult  was  seen. 
Brown  (op.  cit.),  Conant,  1958  (A  Field  Guide  to  Reptiles  and  Amphibians,  Houghton 
Mifflin)  and  Raun  and  Gehlbach,  (op.  cit.)  do  not  show  this  snake  in  Northwestern 
Texas.  Dr.  R.  F.  Martin  confirmed  the  identification.  Joe  Ideker,  University  of  Texas  at 
Austin,  P.O.  Box  5013,  Austin,  78763. 

NOTEWORTHY  ADDITIONS  TO  THE  BAT  FAUNA  OF  THE  SAN  CAR¬ 
LOS  MOUNTAINS,  TAMAULIPAS,  MEXICO  -  The  San  Carlos  Mountains  con¬ 
sist  of  a  group  of  ridges  and  peaks  rising  from  the  plain  of  central  Tamaulipas  (Dice, 
1937,  Univ.  Mich.  Studies  Set  Ser.,  12:  245-268).  These  mountains  are  of  interest  bio- 
geographically  because  they  are  isolated  from  the  Sierra  Madre  Oriental  bv  an  extent  of 
desert  plain  which  at  the  narrowest  is  25  mi  across  (Dice,  op.  cit.).  Difficult  gravel  roads 
extend  into  the  San  Carlos  Mountains  so  access  to  the  area  is  and  has  been  limited.  Con¬ 
sequently,  little  is  known  of  the  chiropteran  fauna  of  these  mountains.  Dice  (op.  cit.) 
reported  only  2  species  of  bats,  Myotis  ve lifer  and  Myotis  californicus,  in  his  account  of 
the  mammal  fauna  of  the  San  Carlos  Mountains.  Alvarez  (1962,  Univ.  Kan.  Publ,  Mus. 
Nat.  Hist.,  14(15):  363-473)  and  Villa-R  (1967,  Los  murcielagos  de Mexico,  Univ.  Mex¬ 
ico,  Instituto  de  Biologia,  xvi  +  491  pp.)  added  no  new  chiropteran  records. 

On  5  March  1972,  we  had  the  opportunity  to  collect  bats  at  a  locality  in  the  San  Car¬ 
los  Mountains.  Our  camp  site  was  a  place  1.5  mi  NW  of  Tinaja.  Tinaja  is  a  small  village 
located  about  10  mi  NW  of  San  Carlos  along  the  eastern  slopes  of  the  mountains.  Our 
camp  was  in  a  small  valley  at  an  elevation  of  2100  ft.  The  floor  of  this  valley  is  domi¬ 
nated  by  live  oaks  and  pecan  trees.  The  foothills  rise  from  the  valley  with  moderately 
steep  slopes  which  support  a  thick  growth  of  thorny  shrubs.  We  strung  2  bat  nets  across 
a  small,  rocky  stream  bottom.  This  stream  contained  only  a  trickle  of  water,  but  a  few 
deeper  pools  were  scattered  throughout  its  length.  Our  nets  traversed  the  deepest  of 
these  pools  which  was  next  to  a  steep  limestone  bluff.  We  captured  45  bats  of  8  species, 
none  of  which  have  ever  been  reported  from  the  San  Carlos  Mountains.  A  few  of  these 
bats  also  represent  noteworthy  accounts  of  the  bat  fauna  of  the  state  of  Tamaulipas. 

The  8  species  from  the  San  Carlos  Mountains,  all  individuals  of  which  were  netted 
over  water  are:  Mormoops  megalophylla  megalophylla,  one  female;  Lasiurus  borealis 
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borealis,  one  male  and  2  females;  Lasiurus  cinereus  cinereus,  one  male;  Lasiurus  inter¬ 
medins,  one  male;  Lasiurus  ega  xanthinui,  one  female^Nycticeus  humeralis  mexicanus, 

17  males  and  9  females;  A n tro zous  pallidus  obscurus,  3  males;  and  Tadarida  brasilliensis  I 
mexicana,  7  males  and  2  females.  None  of  the  female  bats  collected  evidenced  any  signs  j 
of  reproductive  activity. 

It  is  noteworthy  that  this  is  the  only  locality  where  all  4  species  of  Lasiurus  known 
from  Tamaulipas  occur  sympatrically.  The  single  specimen  of  Lasiurus  cinereus  repre¬ 
sents  only  the  3rd  specimen  of  this  species  known  from  Tamaulipas.  Previously,  hoary 
bats  were  known  only  from  Matamoros  (Miller,  1897,  N.  Amer.  Fauna,  13:  1-140)  and 
Aserradero  del  Infernillo  (Goodwin,  1954,  Amer.  Mus.  Novit.,  1689:  1-16  -  cranium 
only)  in  Tamaulipas. 

Specimens  listed  above  were  prepared  as  conventional  study  skins  and  deposited  in 
the  Texas  Cooperative  Wildlife  Collection,  Texas  A  &  M  University.  Special  thanks  are 
due  Dr.  Bernardo  Villa-R  who  graciously  provided  collecting  permits  for  the  Republic  of 
Mexico.  This  paper  is  contribution  no.  TA  9985  of  the  Texas  Agricultural  Experiment 
Station.  David  J.  Schmidly,  Fred  S.  Hendricks,  and  Carl  S.  Lieb,  Department  of  Wildlife 
&  Fisheries  Sciences,  Texas  A  &  M  University,  College  Station  77843. 

IMPROVING  HEIGHT/AGE  DATA  FROM  STEM  ANALYSIS  -  In  order  to 
develop  mathematical  models  predicting  total  tree  height  as  a  function  of  tree  age  for 
trees  which  exhibit  excurrent  branching,  forest  biometricians  often  obtain  their  sample 
data  from  stem  analyses.  The  field  procedure  in  stem  analysis  for  obtaining  tree  height 
and  values  usually  consists  of : 

1)  Felling  and  bucking  a  tree  into  bolts  of  fixed  lengths. 

2)  Counting  the  growth  rings  at  the  stump  and  at  the  top  of  each  succeeding  bolt 
and  converting  the  ring  count  to  tree  age. 

3)  Summing  the  bolt  lengths  to  obtain  a  tree  height  value  to  the  top  of  each  bolt. 

Using  the  pairs  of  tree  height  and  age  values,  biometricians  perform  various  analyses. 

The  age  determined  at  the  top  of  each  bolt  is  accurate,  but  the  tree  height  to  this 
cross  section  rarely  represents  the  true  tree  height  for  that  age,  because  the  tree  height 
for  the  age  at  a  cross  section  occurs  somewhere  above  the  cross  section.  For  a  given  cross 
section  (or  age)  of  the  tree  stem,  the  position  of  the  annual  tree  height  growth  apex 
(ATHGA)  is  not  known.  The  tree  height  error  involved  could  range  from  zero  up  to 
several  feet.  Since  disregard  of  this  source  of  error  always  underestimates  tree  height  for 
a  given  age,  it  constitutes  a  consistent  bias  for  which  an  adjustment  should  be  made. 

An  adjustment  procedure  to  minimize  the  tree  height  error  is  described  below: 

1.  If  the  age  at  the  bottom  and  top  of  a  bolt  are  identical,  proceed  to  next  bolt 
above. 

2.  If  the  age  at  the  bottom  and  top  of  a  bolt  are  different,  then: 

1)  Add  one  to  the  age  difference. 

2)  Divide  the  length  of  the  bolt  by  this  value. 

3)  Add  this  quotient  to  the  tree  height  determined  to  the  bottom  of  the  bolt. 

4)  The  result  is  the  adjusted  tree  height  for  the  age  at  the  bottom  of  the  bolt. 

That  is:  Adjusted  tree  height  =  unadjusted  tree  height  +  bolt  length/(age  difference  +1) 

The  adjustment  is  designed  to  provide  more  accurate  tree  height  values  for  most 
samples  observed.  Several  examples  will  illustrate  the  adjustment. 
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Figure  1.  Schematic  diagrams  of  longitudinal  sections  of  bolts 
showing  locations  of  true  and  adjusted  tree  height 
apexes. 

A.  Age  difference  within  bolt  =  1  year 

B.  Age  difference  within  bolt  =  2  years 

C.  Age  difference  within  bolt  =  3  years 

If  the  age  difference  is  one,  the  ATHGA  for  the  age  at  the  bottom  of  the  bolt  is 
located  somewhere  within  the  bolt  length.  Figure  1A  shows  3  possible  locations. After 
adjustment,  the  calculated  ATHGA  position  is  placed  midway  along  the  bolt.  If  the  true 
position  is  like  Figure  1  Aa,  very  little  error  occurs,  however  if  the  true  position  is  like 
Figure  1  Ab  or  Ac,  then  the  error  is  about  one  half  the  bolt  length. 

If  the  age  difference  is  2,  Figure  1  B  illustrates  2  possible  ATHGA  locations.  The  cal¬ 
culated  ATHGA  position  is  1/3  the  bolt  length  above  the  bottom  of  the  bolt.  The  true 
position  could  be  like  Figure  1  Bb,  in  which  case  the  maximum  error  occurs.  Position 
shown  in  Figure  1  Be  will  result  in  an  error  of  slightly  less  than  1/3  the  bolt  length.  If  a 
large  number  of  samples  are  measured  with  this  age  difference,  the  average  position  of 
ATHGA  will  probably  correspond  to  Figure  1  Ba. 

Figure  1  C  pictures  3  ATHGA  positions,  when  an  age  difference  of  3  occurs.  The 
maximum  error  shown  in  Figure  1  Cb  will  probably  occur  infrequently,  while  the  average 
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position  of  ATHGA  based  on  a  comprehensive  sample  will  probably  be  located  very 
close  to  position  shown  in  Figure  1  Ca. 

By  following  this  procedure  to  obtain  age  and  tree  height  pairs,  the  resulting  sample 
set  should  in  all  probability  be  more  representative  of  the  true  (yet  unknown)  tree  height 
values.  J.  David  Lenhart,  School  of  Forestry,  Stephen  F.  Austin  State  University,  Nacog¬ 
doches,  75961.  Accepted  for  publication:  August  14,  1972. 

REACTIONS  INVOLVED  IN  METABOLIC  DEGRADATION  OF  A 
BRANCHED  DECAGLUCOSE  TO  a  -  1 , 4  -  TETRAGLUCOSE  FOLLOWED 
BY  GLYCOGENETIC  REBUILDING  OF  THE  STARTING  DECAGLUCOSE 

This  study  was  undertaken  with  a  view  of  defining  the  final  reactions  of  metabolic 
glycogenolysis  which  produce  the  smallest  oligoglucose  capable  of  accepting  glucose 
units  in  glycogenesis,  and  the  first  elongation  and  branching  reactions  of  glycogenetic 
buildup  of  the  minimal  “primer”. 

The  least  oligoglucose  which  has  been  reported  to  serve  as  a  glucose  acceptor  in  cell 
glycogenesis  is  a  -  1 , 4  -  tetraglucose,  H(C^Hjq0^)^0H  (White,  et  al,  1968,  Principles  of 
Biochemistry,  4th  Ed.,  McGraw-Hill,  N.Y.)  Quite  regularly,  during  glycogenetic-glyco- 
genolytic  shift,  this  tetraglucose,  along  with  other  glycogen  remnants,  may  be  present 
temporarily  in  the  body  system,  before  being  enlarged  or  further  degraded  to  different 
glucose  pluramers. 

Confining  the  present  study  to  experimentally  identified  oligomers,  we  have  chosen 
as  a  starting  substrate  for  glycogenolytic  breakdown  a  branched  decaglucose  which  itself 
was  obtained  by  Dr.  Joseph  Larner  as  an  incomplete  degradation  product  of  muscle  gly¬ 
cogen.  In  his  series  of  experiments,  Professor  Larner  did  not  degrade  this  10-mer  segment 
to  the  smallest  possible  glycogen  building  starter.  Instead,  quite  systematically  he  en¬ 
zymatically  enlarged  and  twice  branched  the  branched  decaglucose,  forming  finally  a  25- 
mer  thrice  branched  glycogen-like  polyglucose  (Larner,  1953,  J.  Biol.  Chem.,  202:491). 

In  our  study  we  have  traced  with  condensed  structural  equations  the  sequence  of  re¬ 
actions  by  which,  during  normal  metabolism,  the  Larner  branched  decaglucose  is  de¬ 
graded  to  a  -  1,4  -  tetraglucose  and  this  minimum  glycogenesis  primer  is  reconverted  to 
the  Larner  decaglucose.  Three  degradative  and  2  rebuilding  reactions  constitute  this 
cyclical  sequence. 

In  the  first  degradative  step,  the  enzyme  known  as  Q:  - 1 ,4  ->ce  -  1 ,4  glucan  transferase 
transfers  to  another  pluraglucose  molecule  the  3-mer  nonreducing  end  of  the  decaglucose 
side  chain. 

H<C6H10°5>4\ 

H(C6H10°5>3^C6H9°5)  <C6H10°5>20H  +  H(C6H10°5)n0H 


Branched  decaglucose 


n-Mer  pluraglucose 
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H(C6H10°5\ 


H<C6H10°5>3A<C6H10°5>  <C6H10°5>2OH  +  H<C6H10°5>(n  +  3)OH 


Branched  heptaglucose  (n  +  3)  Mer  pluraglucose 

The  2nd  step  is  brought  about  by  the  enzyme  amylo  - 1 ,6  -  glucosidase.  This  enzyme 
removes  the  remaining  sidechain  unit  from  the  1 ,4  -  chain  by  hydrolyzing  the  a  -  1 , 
6  -  bond.  The  hydrolysis  releases  a  free  glucose  molecule  and  leaves  a  - 1,4  -  hexaglucose. 


H(C6H10°5>\ 

H(C6H10°5>3^C6H9°5)  <C6H10°5>2OH  +  HOH 


Branched  heptaglucose 


H(C6H10O5)OH  +  H(C6H10O5)6OH  (2) 

Glucose  Ol  -  1 ,4  -  Hexaglucose 

The  final  degenerative  reaction  is  a  2  step  phosphorolysis.  Glycogen  phosphorylase 
metathesizes  hexaglucose  with  secondary  phosphate  ion  to  form  pentaglucose  and  glu¬ 
cose-1 -secondary  phosphate  ion,  then  similarly  degrades  the  a  -  1,4  -  pentaglucose  to 

Ol  -  1 ,4  -  tetraglucose.  Phosphorblytic  formation  of  the  minimum  primer  tetraglucose 

2  - 

from  pentaglucose  and  G  ~  1  -  P  ion  is  shown  as  Reaction  3. 

H(C6H1Q05)50H  +  HOPO  32" 

Ct  - 1 ,4  -  Pentaglucose  Secondary  phosphate  ion 


H(C6H|o05)4<)H+H(C6H1o°5), 

Ol  - 1 ,4  -  Tetraglucose  «(0P03)2’  (3) 

G  - 1  -  P2  '  ion 

Apparently  a  tetraglucose  is  the  smallest  oligoglucose  that  can  serve  as  a  starting 
molecule  for  metabolic  regeneration  of  any  larger  glycogen  segment  (White,  et  al.,  op. 
cit.).  In  low  glucose  systems  tetraglucose  may  be  phosphorolyzed  to  smaller  oligomers 
presumably  incapable  of  priming  glycogenesis.  But  in  high  glucose  systems,  the  active 
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nucleotide  uridine  secondary  diphosphate  glucose  ion  appears  and  the  enzyme  glycogen 
synthetase  transfers  the  glucose  unit  from  this  glucose  donor  to  the  nonreducing  end  of 
the  a  - 1 ,4  -  tetraglucose  molecule  chain.  This  first  regenerative  reaction  represents  Step  4 
of  the  cycle  series. 


H(C6hio°5)| 


OPO^f 


UDPG  Secondary  ion 


(C5H8°4 


(c4h3n2o2)  +  H(C6H10O5)4OH 


H(C6H10O5)5OH  +  H(0P02)2 


a  - 1 ,4  -  Pentaglucose 


2- 


5H8°4» 


a  - 1 ,4  -  Tetraglucose 

(c4h3n2o2) 


(4) 


UDP  Secondary  ion 


Synthetase  elongation  of  the  glucose  chain  continues  similarly  until  OL  - 1 ,4  -  decaglucose 
is  built. 

The  final  step  in  the  regeneration  of  the  initial  branched  decaglucose  is  the  transfer 
of  the  tetraglucoside  tail  of  (X  -  1 ,4  -  decaglucose  to  carbon  6  of  the  glucose  unit  which 
now  becomes  the  4th  from  the  nonreducing  end  of  the  remaining  a  -  1,4  -  hexaglucose 
chain;  the  transferred  tetraglucoside  constitutes  the  a  -  1,6  -  sidechain  of  the  branched 
decaglucose.  This  transplant  is  made  by  amylo-(l,4-H,6)-transglucosylase,  commonly 
known  simply  as  the  glycogen  “branching  enzyme”. 

H<C6H10°5>10OH^H(C6H10°5>4j 

H<C6H10O5>3kH9O5>(C6H10°5>2OH  (5) 


This  product  branched  decaglucose  which,  thought  of  as  a  glycoside,  might  be  called  tri- 
glucosyl-4-triglu  coside-6-tetraglucoside,  is  identicaj  with  the  Larner  segment  used  as  the 
initial  substrate  for  the  enzymatic  series;  consequently  with  its  regeneration  the  reaction 
cycle  is  complete.  Willis  W.  Floyd,  Department  of  Chemistry,  Sam  Houston  State  Univer¬ 
sity,  Huntsville,  77340. 
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SECTION  1  -  MATHEMATICAL  SCIENCES 
Friday  Afternoon,  March  16 

AN  EXPERIMENT  ON  APPLICATION  OF  PARING  FUNCTIONS  FOR 
DIGITAL  AREA  CORRELATION  TO  IDENTIFICATION  OF  PERSONS 
USING  HAND  PATTERNS  -  Edwin  B.  Hibbs,  Southwest  Texas  State  U. 
San  Marcos. 

LEAST  SQUARES  FITTING  OF  ORTHOGONAL  POLYONOMIALS  WITH 
MISSING  VALUES  --  H.  H.  Hunt  and  G.  R.  Stewart,  Texas  A  &M  Univer¬ 
sity,  College  Station. 

DISCRIMINANT  ANALYSIS  USING  CERTAIN  NORMED  EXPONENTIAL 
DENSITIES  -  R.  S.  Shbikara  and  P.  L.  Odell,  University  of  Texas  at  Dallas. 

STATIFIED  MONTE  CARLO  -  H.  O.  Hartley,  Texas  A  &  M  University,  Col¬ 
lege  Station. 

ON  POSITIVE  INTEGERS  WITH  FEW  PRIME  FACTORS  II  -  Donald  G. 
Hazelwood,  Southwest  Texas  State  University,  San  Marcos. 

The  author  extends  an  earlier  note  (to  appear  in  Journal  of  London  Mathematical 
Society  )  to  specific  lower  bounds  for  some  sums  used  in  sieve  methods.  Although  asymp¬ 
totic  estimates  exist  for  such  sums  under  certain  conditions,  the  object  of  this  note  is  to 
obtain  good  lower  bounds  with  no  prior  restrictions. 

DIMENSIONS  AND  SYMMETRIES  -  Ali  R.  Amir-Moez,  Texas  Tech  Univer¬ 
sity.  Lubbock. 

Let  En  be  a  Euclidean  space  of  dimension  n.  Let  A  be  a  symmetry  with  respect  to 
an  (n-i ) -dimensional  subspace  S  of  Efl.  If  we  embed  En  in  an  (n+l)-dimensional  subspace, 
then  A  becomes  the  rotation  about  S  through  an  angle  n.  This  will  allow  superposition  of 
simetric  configurations. 

BILINEAR  FORMS  AND  CASCADES  OF  MACHINES  -  David  R.  Cecil,  Tex- 
as  A  &  I,  University,  Kingsville. 

Let  A  and  B  be  sets  with  binary  operations  o:  Ax  A^A,o:  B  xB^B  and  gates 
(functions)  a  :  A  x  B  x  A  *  A,/?:  B  x  A  x  B  +  B.  In  analogy  with  vector  space  terminology, 
the  ordered  pair  [  OL,  (3  ]  shall  be  called  a  bilinear  form  if  OL  (a,  b,  a^  o  a2  )  =  a  (a>  b,  a^  )oft 
(a,  b,  2Lf)  and  @  (bj  o  b2,  a,b)  =  /3  b  ^ ,  a,  b)  o  j3(b  2,  a,  b)  for  all  choices  of  a,  a^,  a2  G  A,  b, 
b1,b2GB. 
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The  ordered  six-tuple  (A,  o,  B,  o  fit,  P)  can  be  interpreted  as  a  machine  with  A= 
input  set  =  output  set,  B  =  state  set;  and,  for  fixed  toggles  aQ  GA.^GBj  (bQ  ,  a,  b) 
gives  the  next  state  and  a  a,  b,  a  )  yields  the  next  output.  The  effects  of  various  cascad¬ 
ing  arrangements  of  a  and  ($  gates  are  investigated  in  connection  with  a  certain  con¬ 
gruence  relation  on  A. 

SHOCK  SYNTHESIS  -  C.  David  Robbins,  Dallas  Baptist  College,  Dallas. 

Friday  Afternoon  ,  March  16 

COMPUTER  SCIENCE  -  ITS  PLACE  IN  THE  UNIVERSITY  -  Barry  L.  Bate¬ 
man,  Texas  Tech  University,  Lubbock,  and  Gerald  N.  Pitts,  Central  Texas 
College,  Killeen. 

Computer  Science  is  the  study  of  computers  and  interactions.  These  interactions 
may  be  with  interdisciplinary  fields  such  as  medicine,  biology,  linguistics,  engineering, 
mathematics,  etc;  they  may  be  with  hardware  concepts,  as  viewed  by  electrical  engineers; 
software  concepts  as  studied  by  systems  analysts;  or  even  theory  aspects  as  related  to 
pure  mathematics.  This  is  not  an  all  encompassing  list  but  rather  a  sample  to  give  insight 
into  the  variety  of  areas  in  which  computers  and  computer  scientists  are  working.  Hardly 
any  aspect  of  modem  life  is  free  from  computer  technology. 

The  administration  of  an  academic  program  is  a  topic  which  has  received  an  in- 
depth  study  by  several  universities  and  a  composite  of  their  findings  and  conclusions  is 
presented.  There  are  four  major  sub-divisions  of  administration  in  universities  for  Compu¬ 
ter  Science:  1)  University-Wide  Programs,  2)  Departments,  3)  Computing  Activities,  and 
4)  Sub-Departments.  These  are  listed  in  order,  with  the  best  structure  being  a  University¬ 
wide  program  and  the  least  desirable  being  a  sub-department. 

The  future  of  graduates  in  Computer  Science  seems  to  be  bright  for  the  next  ten 
years  at  all  levels  of  degree  programs.  It  is  estimated  by  the  Department  of  Labor  that  the 
number  of  people  in  the  computer  field  will  double  by  1980. 

EMPLOYABILITY  CONSIDERATIONS  IN  COMPUTER  SCIENCE  CUR¬ 
RICULUM  PLANNING  -  Jarrell  C.  Grout, Stephen  F.  Austin  State  Univer¬ 
sity,  Nacogdoches. 

POTENTIAL  COMPUTER  PROFESSIONALS  NEED  TO  BE  EDUCATED  IN 
MANAGEMENT  CONCEPTS  -Jarrell  C.  Grout,  and  Algie  F.  Trussell,  Ste¬ 
phen  F.  Austin  State  University,  Nacogdoches. 

BIOLOGICAL  CLASSIFICATION  BY  COMPUTER  -  Gerald  N.  Pitts,  Central 
Texas  College,  Killeen,  and  Barry  L.  Bateman,  Texas  Tech  Univ.,  Lubbock. 
The  use  of  the  computer  to  aid  in  biological  classification  in  the  area  of  genetics 
was  an  attempt  to  introduce  a  more  effective  teaching  tool  into  the  classroom.  The  com¬ 
puter  programming  aid  was  simple  enough  to  be  understood  by  a  class  of  100%  biology 
backgrounds  and  was  used  to  determine  genetical  probabilities. 

It  was  found  that  over  70%  of  the  students  reported  an  increase  in  interest  and 
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effectiveness  in  genetic  classification. 

OPTIMIZATION  OF  EARTHEN  EMBANKMENT  CALCULATIONS  -  Glenn 
N.  Williams,  Texas  A  &  M  University,  College  Station. 

AN  EXTREMUM  PRINCIPLE  FOR  INFINITE  SLOW  VISCOUS  FLOWS 
CONTAINING  PARTICLES  -  William  A.  Hyman,  Texas  A  &  M  University, 
College  Station. 

A  SURVEY  OF  VIRTUAL  MEMORY  OPERATING  SYSTEMS  -  Barry  L. 
Bateman,  Texas  Tech  University,  and  Gerald  N.  Pitts,  Central  Texas  Col¬ 
lege,  Killeen. 

Virtual  Memory  Operating  Systems  were  first  introduced  in  the  early  1960’s.  This 
concept  was  utilized  by  G.E.,  R.C.A.,  Xerox,  Burroughs,  C.D.C.,  Univac,  and  even  I.B.M. 
during  the  ensuing  years  with  very  little  publicity  or  notice.  In  the  early  1970’s  I.B.M. 
announced  the  use  of  virtual  memory  for  its  370  line  and  generated  a  lot  of  publicity  and 
interest  in  this  concept. 

Some  advantages  of  using  Virtual  Memory  include  concurrent  operating  systems, 
concurrent  software  maintenance,  system  backup,  concurrent  training,  and  effective  de¬ 
vice  scheduling. 

Some  disadvantages  include  the  larger  size  of  the  operating  system,  promotes  lax 
programming  by  users,  system  overhead  is  greater,  and  it  is  not  available  on  all  machines 
and  therefore  downward  compatability  may  be  lost. 

Virtual  Memory  concepts  and  techniques  are  explained  in  detail. 

COMPUTERS  AND  ECOLOGY  -  Gerald  N.  Pitts,  Central  Texas  College,  and 
Barry  L.  Bateman,  Texas  Tech  University. 

Since  workers  in  the  fields  of  ecology  and  genetics  have  documented  genetic  varia¬ 
tions  in  response  to  environmental  changes,  it  seemed  desirable  to  form  a  computer 
model  of  this  genetic-environment  interaction.  The  model  produced  has  permitted  the 
study  of  such  interaction  on  a  closed  population  and  the  prediction  of  the  results  of  such 
interaction  by  contemplated  environment  changes. 

Not  all  genetic-environment  interaction  has  led  to  undesirable  results.  The  peni¬ 
cillin  resistant  variation  of  Staphlococcus  aureus,  though  a  plague  in  the  surgery  suite, has 
provided  a  boon  to  people  who  have  severe  penicillin  reactions  by  producing  recoverable 
quantities  of  penicillinase,  a  penicillin  destroying  enzyme.  On  the  other  hand,  the  de¬ 
velopment  of  Warfarin  immune  brown  “house”  rats  (Rattus  norvegicus)  and  black  “ship” 
rats  (Rattus  rattus)  bode  ill  for  man  and  his  welfare. 

The  problem  of  determining  the  time  (in  generations)  for  a  desirable,  or  undesir¬ 
able,  genetic  variation  to  become  predominate  was  dependent  on  the  weight  factor  which 
a  certain  genotype,  or  group  of  genotypes,  permit  survival  of  the  individual,  an  inad¬ 
equately  known  factor.  Since  different  rates  of  producing  variations  occur  in  nature, 
seemingly  independent  of  the  type  of  species  and  environmental  change  present,  the 
computer  model  permitted  a  variety  of  environmental  factors,  predators,  food,  water, 
age,  accident  and  intervention,  to  interact  with  the  genetic  pool  of  the  population  on  a 
weighted  factor.  The  production  of  new  individuals  and  changing  death  points  is  based  on 
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the  environment  and  the  genetic  make-up  of  the  individual. 

The  computer  model  has  permitted  arbitrary  selection  of  environment  and  genetic 
weight  factors.  This  feature  has  allowed  the  users  to  examine  and  evalute  the  results  with 
the  basic  features  of  interaction  presently  documented.  It  also  has  permitted  the  users  to 
make  predictions  of  variations  likely  to  be  produced  if  the  environmental  and  genetic 
weight  factors  of  the  species  can  be  reasonably  determined.  The  validation  of  this  compu¬ 
ter  model  was  done  by  the  Biology  Departments  of  the  University  of  Southwestern  Louis¬ 
iana  and  Cottey  College. 

The  results  of  a  DDT  spraying  program  and  its  cessation  on  a  hypothetical  popula¬ 
tion  is  used  to  illustrate  the  use  of  the  computer,  simulation  model.  The  program  was 
coded  in  FORTRAN  IV  and  run  on  a  RCA  SPECTRA  70-46G. 

Saturday  Morning,  March  17 

INFORMATION  RETREVAL  IN  A  PAGEABLE  ENVIRONMENT  -  Barry  L. 
Bateman,  Texas  Tech  University,  and  Gerald  N.  Pitts,  Central  Texas  College. 
A  Pageable  Memory  Dictionary  Information  Retrieval  System  (PMD)  was  designed 
and  implemented  using  a  time-sharing  operating  system  under  the  virtual  memory  con¬ 
cept.  The  PMD  system  utilizes  three  separate  data  bases  which  may  be  used  independent¬ 
ly  or  in  conjunction  with  each  other,  depending  on  the  search  parameters  entered  into 
the  system. 

The  PMD  system  was  designed  to  use  the  ACM  Computer  Review  Number  and 
Category  Number  in  addition  to  the  normal  search  parameters.  The  test  data  base  was 
formulated  using  information  from  the  ACM  Computing  Reviews. 

The  presentation  includes  the  design  criteria,  file  descriptions,  retrieval  techniques, 
examples  of  the  retrieval  process  and  their  associated  timings,  and  conclusions. 

ASYMPTOTIC  EFFICIENCY  OF  ESTIMATES  UNDER  NON-STANDARD 
CONDITIONS  IN  THE  INDEPENDENT  NOT  IDENTICALLY  DISTRIBU¬ 
TED  CASE--  Andreas  N.  Philppou,  The  University  of  Texas  at  El  Paso. 

A  NOTE  ON  THE  MULTIVARIATE  LINEAR  MODEL  WITH  CONTINUOUS 
DATA  --  G.  T.  Rizzuto,  T.  0.  Lewis,  and  T.  L.  Boullion,  Texas  Tech  Uni¬ 
versity,  Lubbock. 

This  paper  considers  the  problem  of  estimating  the  parameter  matrix  for  a  full 
rank  multivariate  linear  model  where  each  entry  in  the  pxq  observation  matrix  is  a  con¬ 
tinuous  function  of  time  and  the  entries  in  the  parameter  matrix  are  nonrandom  func¬ 
tions  of  time.  The  “best  linear”  unbiased  estimator  is  found  for  the  parameter  matrix. 

APPLICATION  OF  A  REGIONALLY  IMPLICIT  METHOD  TO  TIME  DE¬ 
PENDENT  FOURIER  EQUATIONS  -  Kenneth  R.  Roatt  and  Paul  B. 
Crawford,  Texas  A  &  M  University,  College  Station. 

A  regionally  implicit  method  is  described  for  solving  time  dependent  Fourier 
equations.  A  basic  thirteen  block  grid  has  been  applied  to  a  problem  of  800  equations. 
The  method  appears  to  have  application  to  problems  having  several  hundred  equations 
and  widely  varying  transmission  coefficients. 
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SOLUTION  PROCEDURES  FOR  LINEAR  PROGRAMMING  PROBLEMS 
WITH  PRECISELY  ONE  CHANCE-CONSTRAINT  -  D.  J.  Hartfiel  and  G. 
L.  Curry,  Texas  A  &  M  University,  College  Station. 

A  NOTE  ON  SOME  INEQUALITIES  FOR  THE  DIAMETER  OF  THE  VER¬ 
TEX  OF  A  GRAPH  -  J.  E.  Chance,  Pan  American  University,  Edinburg. 

CONSTANTS  RESULTING  FROM  SUCCESSIVE  DIFFERENCES  ~  Paul  J. 
Cowan, North  Texas  State  University,  Denton. 

Assume  a  set  of  counting  numbers  such  as  the  first  six.  Raise  each  number  to  some 
power,  _n.  If  successive  differences  are  obtained  the  same  number  of  times  as  the  expo¬ 
nent,  a  constant  term  appears.  This  constant  number  can  be  predicted  by  the  relationship 

k  =  Dn  x  n! 

Consider,  for  example,  the  first  six  counting  numbers  used  to  count  by  “twos” 
raised  to  the  fourth  power. 

■  '  i 

D  ~  2  (difference  between  successive  counting  numbers) 
n  =  4  (exponent  to  which  counting  numbers  are  raised) 


Using  the  relationship  above  one  finds  that  k  =  384,  calculated  as  follows  : 
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k  =  2  x  n!  =  1 6  x  24  =  384 


960 

1344 

1728 


> 

> 


384 

384 


There  are  many  interesting  relationships  that  exist  between  numbers  and  number 
patterns.  Consider,  for  example,  the  set  of  the  first  six  counting  numbers  raised  to  the 
third  power.  If  successive  differences  are  obtained  three  times,  a  constant  number  results. 
If  the  exponent  to  which  the  counting  numbers  are  raised  is  four,  the  constant  term 
appears  after  four  successive  subtractions. 
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It  can  be  shown  that  the  observed  pattern  will  hold  for  the  set  of  counting  num¬ 
bers  raised  to  any  positive  power.  It  turns  out  that  the  constant  obtained  from  n  success¬ 
ive  differences  of  counting  numbers  raised  to  the  nth  power  equals  n!  In  the  above 
examples  n  =  3  and  4  respectively  and  3!  =  6  and  4!  =  24. 

In  addition  to  the  above,  a  more  general  relationship  has  been  found :  Dn  x  n!  -  k, 
where  D  =  the  difference  between  the  counting  numbers  which  are  raised  to  the  nth  pow¬ 
er  and  k  ~  the  resulting  constant  term  after  n  successive  differences  are  taken, 

It  appears,  that  when  there  is  a  constant  difference  between  the  counting  numbers 
that  are  raised  to  some  power,  n,  then  n  successive  differences  results  in  a  constant  that 
can  be  calculated  from  the  formula  Dn  x  n!  =  k 
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In  the  above  example,  D  =  2,  n  =  3,  and  k  =  48.  By  application  of  the  relationship 
Dn  x  n!  =  k  one  finds  that  k  =  48. 

SECTION  II  -  PHYSICAL  SCIENCES  AND  SPACE  SCIENCES 
Friday  Morning,  March  1 6 

TEMPERATURE  DEPENDENCE  OF  THE  ELECTRON  MEAN  FREE  PATH 
BY  RFSE  IN  THALLIUM  -  J.  E.  Bradfield  and  J.  B.  Coon,  University  of 
Houston. 

THE  NATURE  OF  THE  EXCITON  -  QUADRUPOLE  SYSTEM  INTERAC¬ 
TION  -  Terrance  Ward,  University  of  Texas  at  El  Paso. 
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A  theory  is  presented  which  relates  exciton  production  in  NaClO^ (caused  by 

ultraviolet  excitation)  and  the  nuclear  quadrupole  resonance  spectral  line  shapes  of 
35  * 

Cl.  Excitons  are  treated  as  paramagnetic  mobile  impurities.  Phonons  produced  by  the 
non-radiative  exciton  relaxation  process  are  treated  as  lattice  vibrations. 

The  theory  predicts  excitons  will  reduce  the  NQR  signal  intensity  by  a  factor  of: 

exp(  -NF  r  a) 

h  p  where  N  is  the  number  of  ^DC1  nuclei  brought  out  of  resonance 

by  a  single  exciton,  F  is  the  flux  of  light  energy  incident  upon  the  sample,  Tis  the  mean 
exciton  lifetime,  a  is  the  exciton  absorption  coefficient  for  NaClO^.  Phonons  will  pro¬ 
duce  a  line  broadening  effect. 

A  super -regenerative  oscillator -detector  of  the  narrow  frequency  range  of  29-31 
Mhz  was  designed  and  built  to  test  the  theory. 

Quantitatively,  the  exciton  impurity  reduced  the  NQR  signal  by  32%  ±  0.15  which 
corresponds  to  an  exciton  exponential  impurity  constant  of  1.139.  The  precision  of 
measurement  was  3.4  parts  per  thousand.  The  line  broadening  predicted  could  not  be 
measured  precisely  though  it  was  observed  on  the  oscilloscope  read-out. 

The  theory  presented  is  supported  by  the  experimentally  observed  intensity  de¬ 
creases  and  line  broadening. 

The  theory  is  expanded  to  predict  the  nature  of  the  interaction  in  C^O. 

VELOCITY  OF  SOUND  IN  BISMUTH  UNDER  ULTRASONIC  AMPLIFICA¬ 
TION  CONDITIONS  -  Nicholas  P.  Thiessen,  University  of  Houston. 

COMPARISON  STUDIES  OF  ELECTRON  DENSITIES  DETERMINED  BY 
LANGMUIR  PROBE  AND  RESONANT  COVITY  -  J.  A.  Roberts,  M.  W. 
Congleton,  and  R.  H.  Freeman,  North  Texas  State  University,  Denton. 

EXISTENCE  AND  UNIQUENESS  IN  FINITE  ELASTOSTATICS  -  J.  F. 
Pierce,  University  of  Houston. 

A  qualitative  model  for  the  finite  elastostatic  Dirichlet  problem  is  presented.  The 
principal  feature  is  that  the  solution  space  is  a  differentiable  manifold  as  opposed  to  a 
topological  vector  space.  The  topology  of  the  solution  manifold  varies  with  the  boundary 
condition  and  the  body  topology.  The  model  is  capable  of  utilizing  contemporary  math¬ 
ematical  methods  heretofore  inapplicable  to  resolve  existence  and  uniqueness  questions. 

UTILIZATION  OF  SOLID  STATE  ELECTRONICS  IN  A  150kV  ACCELER¬ 
ATOR  -  Jim  Marek,  East  Texas  State  University,  Commerce. 

Friday  Morning,  March  16 

THE  DEPENDENCE  OF  THE  SUPERCONDUCTING  TRANSITION  TEM¬ 
PERATURE  TC  OF  THIN  TL  FILMS  ON  A  UNAXIAL  STREE  -  James  T. 
Turner,  J.  Daniel  Lejeune,  D.  G.  Naugle,  Texas  A  &  M  Univ.,  College  Sta. 

VELOCITY  OF  SOUND  IN  DILUTE  THULIUM  ALLOYS  -  Ronald  M. 
Crews,  Julian  B.  Coon,  University  of  Houston. 
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THOMAS-FERMI  CALCULATIONS  OF  ENERGY  OF  BUBBLE  NUCLEI  - 
R.  Muthukrishnan,  North  Texas  State  University ,  Denton. 

POSITRON  LIFETIMES  IN  N-NONANE  -  David  R.  Barker,  L.  M.  Diana  and 
Jesse  G.  Anderson,  The  University  of  Texas  at  Arlington. 

Preliminary  results  for  the  lifetime  of  orthopositronium  in  n-nonane  at  several 
temperatures  are  presented.  The  lifetimes  were  determined  using  conventional  delayed 
coincidence  circuitry  after  dissolved  gases  were  removed  from  the  liquid  by  means  of  the 
freeze-thaw  technique.  The  measurements  were  carried  out  at  temperatures  between 
room  temperature  and  the  normal  boiling  point.  Temperatures  were  maintained  by  a 
proportional  controller  which  was  used  to  govern  the  power  supplied  to  a  heater  which 
was  embedded  in  a  massive  aluminum  block.  The  holder  containing  the  liquid  sample  was 
positioned  in  a  hole  in  the  aluminum  block. 

COLLISION  FREQUENCY  PROFILES  IN  A  D.  C.  DISCHARGE  PLASMA 
USING  STATES  PERTURBATION  AND  THE  RESONANT  CAVITY 
TECHNIQUE  -  J.  A.  Roberts  and  R.  H.  Freeman,  North  Texas  State  Uni¬ 
versity ,  Denton. 

PLASMA  OSCILLATIONS  IN  A  D.  C.  DISCHARGE  USING  AN  R.  F. 
PROBE  -  J.  A.  Roberts  and  B.  S.  Tang, North  Texas  State  Univ.,  Denton. 

Friday  Morning,  March  16 

GRAVITY  AND  MAGNETIC  STUDY  OF  COLLIN  AND  GRAYSON  COUN¬ 
TIES,  TEXAS  -  A.  W.  Ibrahim  and  George  Lord  .East  Texas  State  Univer¬ 
sity,  Commerce. 

SELF  PACED  PHYSICS  BY  INQUIRY  AT  SFASU  -  V.  Leann  Blankenship 
and  R.  W.  Gruebel,  Stephen  F.  Austin  State  Univ.,  Nacogdoches. 

AN  INTERDISCIPLINARY  SCIENCE  SEMINAR  IN  THE  UNIVERSITY 
HONORS  PROGRAM  --  Rogers  W.  Redding, North  Texas  State  University, 
Denton. 

THE  SFA  TRAVELING  SCIENCE  SHOW  -  Gary  Cort,  Stephen  F.  Austin 
State  University,  Nagogdoches. 

UNITS  AND  DEFINITIONS  IN  PHYSICS  FOR  TEACHERS  -  R.  N.  Little, 
University  of  Texas  at  Austin. 

UNDERGRADUATE  EXPERIMENTS  IN  MUSICAL  ACCOUSTICS  -  D.  S. 
Gale,  East  Texas  State  University,  Commerce. 

Friday  Morning,  March  16 

ELEMENTARY  PHYSICS  AT  THE  UNIVERSITY  OF  ARKANSAS  -  -Rich¬ 
ard  Anderson,  University  of  Arkansas,  Fayetteville. 
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Friday  Afternoon,  March  16 

ELECTRON  CAPTURE  INTO  THE  3S  STATE  OF  HYDROGEN  BY  30-150 
KILOVOLT  PROTON  IMPACT  ON  NOBLE  GASES  -  R.  K.  Gardner,  F.  L. 
Brandon,  B.  M.  Doughty,  East  Texas  State  University,  Commerce. 

STOCHASTIC  HETRODOXY  IN  QUANTUM  THEORY  -  A.  F.  Krachlauer, 
R.  E.  Collins,  University  of  Houston. 

Paradoxical  situations  illustrating  difficulties  associated  with  questions  regarding 
the  completeness  of  a  Schroedinger  wave  packet  and  its  “collapse”  upon  measurement, 
motivate  consideration  of  stochastic  models  of  quantum  theory.  Gaussian  stochastic 
processes  can  be  seen  to  be  incompatible  with  quantum  theory.  Boyar’s  (Phy.  Rev  175, 
1631(68))  hypothesis  can  therefore  not  model  quantum  theory  via  association  with  such 
a  process.  However,  by  equating  the  rest  energy  of  a  particle  to  a  mode  of  the  back¬ 
ground  andthen  transforming  to  an  arbitrary  frame,  DeBroglie’s  relations  result,  as  well 
as  a  justification  for  using  “plane-wave-states”,  as  a  fourier  kernel  on  Liouville’s  and 
Hamilton’s  equations  to  give  Schroedinger’s  equation.  Particle  duality  is  seen  to  be  due  to 
the  particle  maintaining  equilibrium  with  electromagnetic  waves  of  the  background  whose 
wave  vector  corresponds  to  the  particle’s  DeBroglie  wave  vector. 

THE  AVOIDED  CROSSING  PROBLEM  IN  DIATOMIC  MOLECULE  BOUND 
STATE  -  Rogers  W.  Redding,  North  Texas  State  University,  Denton. 

SYMMETRY  GROUPS  OF  NON-RIGID  MOLECULES:  THE  WATSON- 
ALTMANN  CONTROVERSY  -  Thomas  W.  Kephart  and  R.  W.  Redding, 
North  Texas  State  University,  Denton. 

016  -  016  POTENTIAL  -  R.  Muthukrishnan  and  James  Read,  North  Texas 
State  University,  Denton. 

DEPENDENCE  OF  SECONDARY  MUON  INTENSITIES  ON  PRIMARY 
COSMIC-RAY  INTERACTIONS  -  C.  E.  Magnuson,  J.  R.  Wayland,  and  P. 
J.  Green,  Texas  A  &  M  University,  College  Station. 

HIGH-  ENERGY  COSMIC  RAY  MUONS-  THE  MONT  BLANC  UNDER¬ 
GROUND  EXPERIMENT  -  A.  R.  Bazer-Bachi,  J.  R.  Benbrook,  and  W.  R. 
Sheldon,  (U.  of  H.)\  N.  M.  Dullar,  (Texas  A  &M  U.),  University  of  Houston 

HIGH-ENERGY  COSMIC  RAY  MUONS-MAGNETIC  SPECTROMETER 
MEASUREMENTS  -  A.  R.  Osborne,  J.  R.  Benbrook,  and  W.  R.  Sheldon, 
(U.  of  H.),  N.  M.  Dullar,  P.  J.  Green,  (Texas  A  &  M  U.),  University  of 
Houston. 

FLUX  MOTION  IN  CYLINDRICAL  GEOMETRY  -  James  E.  Nicholson, 
Paul  T.  Sikora  and  Keith  J.  Carroll,  Stephen  F.  Austin,  State  University, 
Nacogdoches. 
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Magnetic  flux  lines  appear  in  a  type  II  superconducting  wire  when  it  is  put  in  the 
mixed  state  by  a  longitudinal  magnetic  field.  A  voltage  appearing  along  the  wire  will  arise  j 
from  the  motion  of  magnetic  flux  throughout  the  superconductor  due  to  the  Lorentz 
force  set  up  by  a  transport  current.  We  wish  to  present  a  brief  theoretical  and  experimen¬ 
tal  investigation  of  the  current-voltage  characteristics  of  a  type  II  superconducting  wire  in 
an  external  longitudinal  magnetic  field. 

We  investigated  flux  motion  in  Pbggln^  alloys  at  1.8°K  for  various  bulk  and  sur¬ 
face  conditions  and  found  by  the  four -probe  technique  that  during  flux  motion  V  aI  3. 
The  model  proposed  to  describe  the  viscous  motion  of  flux  equates  the  power  input  to 
the  power  dissipated  in  the  sample. 

In  order  to  exhibit  the  cubic  dependence  of  current,  the  data  for  all  curves  were 
plotted  as  V/I  vs.  I  2 .  A  linear  portion  in  the  large  current  regime  indicates  VaI3  while 
the  lower  current  regime  probably  indicates  creep  and  creep-flow  mixture  and  was  not 
investigated.  *'3 

Data  were  taken  on  samples  for  various  surface  and  bulk  defects  and  all  demon¬ 
strate  the  same  general  behavior  illustrated  in  Fig.  1.  From  the  model  proposed  in  this 
paper  we  can  calculate  the  flux  flow  resistivity  and  make  a  comparison  with  resistivities 
found  by  other  experimenters  for  slab  geometry.^ 

Friday  Afternoon,  March  16 

CHARGED  PARTICLE  INDUCED  X-RAY  FLUORESCENCE  STUDIES  -  A. 

R.  Zander,  Martin  Kolk,  John  Tang ,East  Texas  State  Univ.,  Commerce. 

EXTENDED  FINE  STRUCTURE  IN  X-RAY  L-ABSORPTION  SPECTRUM 
OF  TERBIUM  -  Ravi  Kiran  and  D.  R.  Chopra,  East  Texas  State  University, 
Commerce. 

HEAVY  ION  EXCITATION  OF  X-RAYS  --  Honer  D.  Fetzer,  St.  Mary's  Uni¬ 
versity,  San  Antonio. 

A  DEMOUNTABLE  X-RAY  TUBE  FOR  CHEMICAL  ELEMENT  ANALYSIS 
-  Donald  L.  Parker,  St.  Mary's  University,  San  Antonio. 

X-RAY  DIFFRACTION  STUDY  OF  LIQUID  CHCL3  -  W.  H.  Shull,  W.  Yan¬ 
cey  and  R.  W.  Gruebel,  Stephen  F.  Austin  State  University,  Nacogdoches. 

TRANSPORT  PHENOMENA  IN  MEMBRANES  -Judy  Williams  and  R.  W. 
Gruebel,  Stephen  F.  Austin  State  University,  Nacogdoches. 

DYNAMICS  OF  HARMONICALLY  BOUND  INFINITE  CHAINS  WITH 
VARIOUS  APPLIED  FORCES  --  G.  Horn  and  K.  Min,  East  Texas  State 
University,  Commerce. 


THE  NEW  ELECTRON  IMPACT  APPARATUS  AT  NTSU  FOR  ELECTRON- 
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ATOM  INTERACTION  STUDIES  -  J.  A.  Roberts  and  M.  W.  Congleton, 
North  Texas  State  University,  Denton. 

LIGHT  DEFLECTION  AND  POLARIZATION  ROTATION  IN  A  GENERAL¬ 
IZED  GRAVITATIONAL  FIELD  -  R.  Borochoff  and  R.  M.  Kiehn,  Univer¬ 
sity  of  Houston. 

Friday  Afternoon  March  16 

THE  OUTLOOK  FOR  NUCLEAR  AND  CONVENTIONAL  POWER  IN 
TEXAS  --  Perry  G.  Brittain,  Executive  Vice  President  of  Texas  Utilities 
Service. 

OUTLOOK  FOR  FUSION  POWER  --  William  Drummond,  University  of 
Texas  at  Austin 

THE  UTILIZATION  OF  SOLAR  ENERGY:  A  SURVEY  OF  LARGE  SCALE 
PROPOSALS  --  Lorin  L.  Vant-Hull,  University  of  Houston. 

Saturday  Morning,  March  17 

EFFECTIVE  PAIR  POTENTIAL  FOR  LIQUID  SODIUM  FROM  X-RAY 
DIFFRACTION  DATA  -  Thomas  O.  Callaway  and  Glen  T.  Clayton, 
Stephen  F.  Austin  State  University,  Nacogdoches. 

LINEWIDTH  STUDIES  OF  THE  S02MOLECULE  -  J.  A.  Roberts  and  W.  H. 
Yand,  North  Texas  State  University,  Denton. 

LINEWIDTH  STUDIES  OF  THE  H2CO  MOLECULE  -  J.  A.  Roberts  and  D. 
V.  Rogers,  North  Texas  State  University,  Denton. 

MICROWAVE  PROBING  OF  LIQUID  AND  SOLIDS  NEAR  10  gHz  -  J.  A. 
Roberts  and  K.  H.  Hong,  North  Texas  State  University,  Denton. 

PHYSICAL  MEASUREMENTS  OF  POLLUTANTS  -  Clark  Goodman,  Uni¬ 
versity  of  Houston. 

VISIBILITY  AND  MASS  CONCENTRATION  IN  HOUSTON  AREA  -  Bharat 
C.  Shah  and  Leon  F.  Graves,  University  of  Houston. 

POLARIZATION  AND  FREQUENCY  CHARACTERISTICS  OF  A  SINGLE 
RESONANT  MODE  IN  A  DUAL-POLARIZED  HE-NE  GAS  RING  LASER 
--  V.  Sanders  and  R.  M.  Kiehn,  University  of  Houston 

This  paper  features  experimental  observation  of  simultaneous  laser  oscillation  of 

oscillation  of  four  travelling -wave  eigenstates  of  polarization  of  a  single  resonant  mode 

in  an  optically  nonreciprocal,  anisotropic,  ring  resonator.  Expressions  are  calculated  for 
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the  frequency  and  polarization  characteristics  of  the  four  eigenstates  of  the  single  reso¬ 
nant  mode  in  terms  of  the  nonreciprocal  and  anisotropic  parameters.  In  addition  to  the 
experimental  confirmation  of  the  frequency  and  polarization  calculations  the  simultane¬ 
ous  beat  signals  yield  a  comparison  of  the  nonlinear  mode  coupling  effect  associatedwith 
eigenstates  from  opposite  directions  as  opposed  to  those  from  the  same  direction. 

Saturday  Morning,  March  17 

METRICALLY  INDUCED  CHARGE  CURRENTS  -  A.  Schultz,  S.  Dimopou- 
los,  C.  Dokos,  A.  Kracklauer,  R.  M.  Kiehn,  University  of  Houston. 

The  purpose  of  the  presentation  is  to  display  a  relationship  between  metrical 
properties  and  electromagnetic  phenomena.  It  is  shown  that  irreducible  properties  of  the 
metric  have  associated  with  them  what  appear  to  be  electromagnetic  charge  current  den¬ 
sities.  A  systematic  rule  is  developed  for  extracting  the  electromagnetic  4-potential  from 
the  metric;  specifically,  a  1-form  of  action.  A  constitutive  relation  is  also  derived  from 
the  metric  and  the  fields  and  charge-current  densities  are  obtained  using  methods  of  ex¬ 
terior  calculus.  Several  examples  of  well  known  metrics  are  investigated.  In  addition,  a 
metric  has  been  generated  which,  by  this  rule,  results  in  the  classical  static  point  charge 
and  associated  fields.  A  classification  scheme  is  then  displayed  which  shows  a  correlation 
between  the  technique  of  Pfaffian  reduction  and  the  type  of  electromagnetic  phenome¬ 
non  which  is  extracted  from  the  metric. 

THE  NATURE  OF  TURBULENCE  -  R.  M.  Kiehn,  University  of  Houston. 

By  considering  a  non-autonomous  flow  on  state  space,  a  local  definition  of  the 
concept  of  turbulence  may  be  defined  in  terms  of  a  function  which  vanishes  if  no  turbu¬ 
lence  is  present.  Turbulent  flows  do  not  admit  the  group  property  with  time  as  the  group 
parameter. 

FEASIBILITY  STUDY  OF  A  BROADBAND  RADIO  -  J.  Belcher  and  W. 
Heller,  East  Texas  State  University,  Commerce. 

VARIABLE  FREQUENCY  DC  TO  AC  POWER  CONVERTERS  FOR 
TELESCOPE  DRIVES  -  H.  Babb ,  East  Texas  State  University,  Commerce. 

ANGULAR  MOMENTUM  CONSIDERATIONS  IN  THE  SCOTT  EFFECT  - 
Curtis  Wells,  University  of  Houston. 

A  FORMALISM  FOR  CALCULATION  PARABOLIC  CYLINDER  FUNC¬ 
TIONS  -  William  P.  Latham  and  R.  W.  Redding,  North  Texas  State  Univer¬ 
sity,  Denton. 

THE  PRINCIPLE  OF  IDEALITY  AS  APPLIED  TO  THERMAL  CONDUC 
TIVITY  -  James  C.  Cox,  Wayland  Baptist  College,  Plainview. 

With  the  help  of  the  Principle  of  Ideality  properties  of  material  can  be  determined 
when  analogous  values  for  other  materials  in  the  same  standard  state  are  known.  This 
Principle  of  Ideality  can  prove  to  be  especially  useful  in  the  study  of  thermal  conduc- 
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tivity  transport  properties.  Proceeding  from  universally -accepted  experimental  values,  a 
relationship  between  the  temperature  and  the  thermal  conductivity  of  materials  in  the 
standard  state  can  be  developed.  The  critical  entropy  state  and  idealized  values  for  the 
critical  conductivity  can  serve  as  reference  values  in  spite  of  the  anomalous  conductivity 
values  that  occur  in  the  vicinity  of  the  critical  point.  A  comparison  of  corrected  experi¬ 
mental  values  with  calculated  thermal  conductivity  values  for  a  number  of  organic  and 
inorganic  compounds  reveals  the  extend  to  which  the  Principle  of  Ideality  has  proven  to 
be  of  value. 

SECTION  III  -  EARTH  SCIENCE 
Friday  Morning,  March  16 

ACCUMULATION  OF  TRACE  METALS  IN  SABINE  LAKE  -  R.  J. 
Scrudato,  Lamar  University,  Beaumont. 

USE  OF  THE  LASER  MICROPROBE  IN  TRACE  ELEMENT  GEOCHEMIS¬ 
TRY  -  Ernest  L.  Estes  III,  Lamar  University,  Beaumont. 

A  POSSIBLE  GEOLOGIC  SOURCE  OF  MERCURY  POLLUTION  IN 
WATERS  OF  CENTRAL  AND  EAST  TEXAS  -  Hershel  L.  Jones,  Stephen 
F.  Austin  State  University,  Nacogdoches. 

Seams  of  lignite  of  Wilcox  age  (Eocene)  trend  NE-SW  through  Central  and  East 
Texas  and  occur  near  the  surface  in  several  locations  along  the  strike  of  the  formation. 
This  brown  coal  is  currently  being  strip-mined  and  used  as  a  source  of  energy  for  electric 
power  generation  in  East  Texas.  Even  more  extensive  utilization  of  this  fossil  fuel  is 
planned  for  the  immediate  future  because  of  its  accessability,  ease  of  exploitation  and 
because  of  regional  energy  demands.  Combustion  of  coal  in  fossil  fuel-fired  electric  gen¬ 
erating  plants  can  create  extensive  environmental  problems  because  of  the  release  of  mer¬ 
cury  in  the  stack  emissions.  Mercury  thus  released  into  the  atmosphere  can  be  widely 
disseminated  by  the  wind. 

First  investigations  indicate  a  mercury  content  of  approximately  300  ppb  in  these 
lignites  with  about  60  ppb  retained  on  the  bottom  and  precipitated  fly  ash  (Double  gold 
amalgamation-flameless  atomic  absorption  spectrophotometry).  The  presence  of  mercury 
even  in  these  trace  amounts  could  pose  a  tremendous  mercury  pollution  problem  because 
of  the  large  amounts  of  coal  consumed  by  power  plants  and  the  enormous  recoverable  re¬ 
serves  of  lignite  in  the  State,  approximately  4.5  billion  short  tons  (W.  L.  Fisher,  1963). 
Based  on  current  and  projected  consumption  rates  these  reserves  will  be  depleted  within 
the  next  50  years.  If  we  apply  the  figure  of  300  ppb  to  the  total  recoverable  reserves  in 
Texas  we  may  conclude  that  approximately  1250  tons  of  mercury  would  be  produced  by 
burning  during  this  period  of  time.  Assuming  that  about  20%  of  the  original  coal  will  re¬ 
main  as  residue  and  fly  ash  and  that  this  material  contains  an  average  of  60  ppb  mercury, 
approximately  50  tons  would  be  retained  in  bottom  and  precipitated  fly  ash  and  the  re¬ 
maining  1200  tons  would  be  released  into  the  atmosphere,  averaging  approximately  24 
tons  annually. 
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ROLE  OF  CLAY  MINERALS  IN  THE  TRANSPORT  OF  METAL  CONTAMI¬ 
NANTS  -  R.  J.  Scrudato  and  E.  L.  Estes,  Lamar  University,  Beaumont 

AN  INVESTIGATION  OF  THE  FLOODPLAIN  AND  TERRACE  DEPOSITS 
ALONG  THE  WEST  FORK  OF  THE  TRINITY  RIVER  IN  THE  VICINITY 
OF  FORT  WORTH,  TEXAS  -  Jeffery  Allan  Moon,  Texas  Christian  Univer¬ 
sity,  Fort  Worth. 

ISOSTATIC  ADJUSTMENT  IN  THE  DAVIS  MOUNTAINS  -  D.  H.  Shurbet, 
Texas  Technological  University,  Lubbock. 

GEOLOGIC  OPPORTUNITIES  FOR  ABATING  WATER-RELATED  ENVI¬ 
RONMENTAL  PROBLEMS  OF  THE  HOUSTON  AREA  -  DeWitt  C.  Van 
Siclen,  University  of  Houston. 

THE  GEOLOGICAL  CONTROL  OF  REAL  ESTATE  VALUES  -  Robert  C. 
Belcher,  Baylor  University ,  Waco. 

THE  ROLE  OF  ENGINEERING  GEOLOGY  IN  REGIONAL  PLANNING  - 
Ellwood  E.  Baldwin,  Bay  lor  University,  Waco. 

THE  COMPUTER  -  A  SUPPLEMENTARY  TEACHING  DEVICE  FOR  UN¬ 
DERGRADUATE  GEOLOGY  COURSES  -~  Edward  C.  Jonas  and  Rolland 
B.  Bartholomew,  The  University  of  Texas  at  Austin. 

Friday  Morning,  March  16 

WHY  AUDIO-TUTORIAL?  -  0.  T.  Hayward,  Baylor  University,  Waco. 

THE  COMPUTER  -  A  SUPPLEMENTARY  TEACHING  DEVICE  FOR  UN¬ 
DERGRADUATE  GEOLOGY  COURSES  -  Rolland  B.  Bartholomew  and 
Edward  C.  Jones,  The  University  of  Texas  at  Austin. 

ENVIRONMENTAL  EARTH  SCIENCE:  A  COOPERATIVE  APPROACH  IN 
TEXAS  JUNIOR  COLLEGES  -  Robert  E.  Boyer  and  Rolland  B.  Bartholo¬ 
mew,  Department  of  Geological  Sciences,  University  of  Texas  at  Austin, 
and  Donald  H.  Lokke,  The  School  of  Developmental  Education,  University 
of  Plano. 

Friday  Afternoon,  March  16 

ORIGIN  AND  HISTORY  OF  UVALDE  GRAVEL  OF  CENTRAL  TEXAS  - 
Leon  Byrd,  Texas  Water  Development  Board. 

GEOMORPHOLOGY  OF  THE  CANADIAN  RIVER  BASIN  -  Gary  Don 
Roberson,  Union  Oil  of  California. 
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THE  GEOMORPHIC  EVALUATION  OF  THE  PECOS  RIVER  SYSTEM  - 
Ronny  G.  Thomas,  Mobil  Oil  Corporation. 


A  GEOLOGIC  HISTORY  OF  THE  BRAZOS  RIVER-  Lawrence  W.  Epps, 
Angelo  State  University ,  San  Angelo. 

The  Brazos  River  is  a  major  Texas  stream.  Meander  scars  in  the  valley  walls  are 
much  larger  than  those  of  the  present  river.  Quantitative  geomorphic  analysis  of  meander 
geometry  and  hydraulic  geometry  suggests  that  the  larger  meander  scars  were  associated 
with  an  ancestral  stream  having  a  bankfull  discharge  5  to  9  times  the  present  river  in  its 
lower  valley  reaches. 

Comparison  of  modern  point  bar  depositional  sequences  to  sequences  of  older  de¬ 
posits  within  the  present  flood  plain  suggests  that  the  Brazos  has  changed  regime  since 
deposition  of  the  older  alluvium.  This  may  be  related  to  the  larger  ancestral  river. 

At  least  four  levels  of  alluvial  deposits  are  related  to  the  Brazos  River,  but  only 
three  are  well  represented  throughout  the  basin.  These  terrace  deposits  range  from  30  to 
more  than  200  feet  above  the  modern  flood  plain.  One  unusually  wide  spread  occurence 
of  alluvial  material  has  been  previously  mapped  as  the  Seymour  Formation.  This  unit  rep¬ 
resents  several  preriods  of  valley  alluviation  ranging  in  age  from  Sangamon  to  pre-Kansan. 
High  gravel  near  Throckmorton,  Texas  correlates  with  the  Ogallala  Formation  thus  mark¬ 
ing  the  earlier  more  easterly  distribution  of  this  formation. 

Statistical  analysis  of  gravel  composition  from  the  channel,  first  terrace,  and 
second  terrace  indicates  significant  differences  between  levels  which  allows  this  criterion 
to  be  used  as  a  correlating  tool.  The  differences  reflect  changes  in  provenance  as  the 
Brazos  basin  evolved. 

Large  cobbles  found  in  older  alluvium  suggest  a  river  of  greater  competence  than 
the  present  river.  The  tractive  force  needed  for  movement  of  these  cobbles  would  require 
a  river  both  deeper  and  steeper  than  the  modern  Brazos  near  Bryan,  Texas.  This  supports 
the  evidence  from  the  meander  scars. 

The  Brazos  River  may  have  been  established  as  early  as  Eocene  time,  but  definitely 
was  established  by  Miocene.  Pliocene  deposits  of  the  Ogallala  and  Goliad  formations  indi¬ 
cate  wide  spread  arid  conditions  before  Pleistocene  time.  This  arid  period  was  followed 
by  deposition  of  the  Willis  formation  which  represents  a  transitional  unit  between  late 
Tertiary  deposition  and  the  multiple  cycles  of  valley  alluviation  during  Pleistocene  time. 
Streams  that  deposited  the  Willis  Formation  had  greater  width-to-depth  ratios  and  were 
steeper  than  streams  that  deposited  the  Brazos  River  terraces.  The  Willis  and  Uvalde  for¬ 
mations  formed  a  broad  alluvial  blanket  over  much  of  the  Cretaceous  terrain  during 
earliest  Pleistocene  which  explains  the  lack  of  limestone  as  a  common  component  in 
gravel  of  the  third  terrace  in  the  lower  basin. 

Eustatic  sea  level  changes  did  not  cause  terrace  development.  The  primary  cause 
of  terrace  development  was  climatic  changes  associated  with  glacial  stages.  These  climatic 
changes  controlled  river  regime  by  influences  exerted  on  sediment  supply  and  runoff. 


PROCESSES  AND  SEDIMENTS  OF  THE  COLORADO  RIVER  OF  TEXAS  - 
L.  E.  Garner,  Bureau  of  Economic  Geology,  University  of  Texas  at  Austin. 
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HYDROLOGIC  CHARACTERISTICS  OF  THE  LOWER  REACHES  OF  THE 
GUADALUPE  RIVER  --  Robert  A.  Morton,  Bureau  of  Economic  Geology , 
The  University  of  Texas  at  Austin. 

LATE  PLEISTOCENE  BRAZOS  -  COLORADO  DEVELOPMENT:  TEXAS 
Cleo  V.  Proctor,  Bureau  of  Economic  Geology,  The  University  of  Texas 
at  Austin. 

LATE  PLEISTOCENE  AND  HOLOCENE  RIVERS  IN  DEVELOPMENT  OF 
THE  TEXAS  COSTAL  ZONE  AND  THE  HISTORY  OF  THE  MODERN- 
HOLOCENE  COLORADO  RIVER  AND  ITS  ASSOCIATED  DELTA  -  Joe 
McGowan,  Bureau  of  Economic  Geology,  The  University  of  Texas,  Austin . 

Friday  Afternoon,  March  16 

PREPARING  FOR  A  CAREER  IN  GEOLOGY  TODAY:  WHAT  ACADEMIC 
INPUT  IS  NEEDED  TO  PREPARE  GEOLOGY  GRADUATES  FOR  THE 
JOBS  AHEAD  -  Wade  Turnbull,  Exxon,  and  Martin  J.  Deuth,  Stephen  F. 
Austin  State  University,  Nacogdoches.  Moderators. 

TESTING  THE  SIGNIFICANCE  OF  TERNARY  VARIATION  DIAGRAMS  - 
John  C.  Butler,  University  of  Houston. 

CONTACT  METAMORPHISM  OF  CRETACEOUS  SEDIMENTARY  ROCKS 
AROUND  THE  BEE  MOUNTAIN  INTRUSION ,  BREWSTER  COUNTY, 
TEXAS  -  Marvin  J.  Droddy,  Jr.,  University  of  Houston. 

DIAGENESIS  OF  UNCONSOLIDATED  CARBONATE  SEDIMENTS  FROM 
THE  PERSIAN  GULF  -  Frank  Kramer  and  Henry  Chafetz,  University  of 
Houston. 

The  primary  objective  of  this  investigation  was  to  determine  the  effects  of  diagen¬ 
esis  on  unconsolidated  marine  carbonate  sediments  with  respect  to  depth  of  burial.  X-ray 
diffraction  analysis  was  performed  on  29  samples  from  a  core  which  was  collected 
approximately  96  kilometers  offshore  from  the  city  of  Dubai  in  the  Persian  Gulf.  The 
water -sediment  interface  was  at  43.5  meters  below  Mean  Sea  Level  (M.S.L.j  and  the  core 
was  91.4  meters  long;  samples  were  collected  approximately  every  1.5  meters  in  the  top 
20  meters  and  every  3  meters  below  that,  sample  No.  37  was  collected  at  135  meters 
below  M.S.L. 

The  finer  than  200  mesh  sieve  fraction  (less  than  74  micron  grain  size)  of  each 
sample  was  X-rayed  and  the  relative  abundance  of  the  four  constituents  (aragonite,  cal- 
cite,  colomite,  and  quartz)  was  calculated.  No  relationship  between  diagenesis  and  depth 
of  burial  was  recognized.  An  inverse  relationship  exists  between  the  relative  percentage  of 
fine  material  and  relative  abundance  of  aragonite.  The  authors  attribute  this  inverse 
relationship  to  the  greater  surface  area  per  volume  of  material  in  the  fines  and  therefore, 
the  greater  likelihood  that  unstable  aragonite  will  undergo  diagenetic  alteration.  However, 
we  do  recognize  the  possibility  that  the  different  mineralogy  may  reflect  different  parent 
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populations. 

Red  algae,  coral  fragments,  and  pelecypod  shells  were  separated  and  X-rayed  from 
within  the  coarse  fraction  of  10  samples  that  ranged  in  depth  from  5  to  21.6  meters 
below  M.S.L.  Pelecypod  and  coral  fragments  are  initially  composed  of  aragonite  while  red 
algae  is  high-Mg  calcite.  All  three  taxa  exhibit  the  effects  of  diagenetic  alteration;  aragon¬ 
ite  inverting  to  calcite  and  high-Mg  calcite  recrystallizing  to  low-Mg  calcite.  In  samples  in 
which  one  of  the  taxa  has  undergone  diagenesis  the  other  two  commonly  exhibit  the 
effects  of  mineralogical  alteration.  The  diagenetic  changes  observed  occur  in  zones  and 
are  not  depth  related. 

A  GEOCHEMICAL  AND  GEOCHRONOLOGIC  STUDY  OF  IGNEOUS 
ROCKS  FROM  THE  BIG  BEND  REGION  -  Mike  Daily,  University  of 
Houston. 

THE  ROUNDNESS  OF  PEBBLES  MEASURED  IN  SECTION  -  James  B. 
Stevens,  Lamar  State  University,  Beaumont. 

IGNIMBRITES  OF  THE  DURANGO  AREA  DURANGO,  MEXICO  -  Richard 
Keizer  and  Eric  Swanson,  The  University  of  Texas  at  Austin. 

Detailed  mapping  in  the  Sierra  Madre  Occidental  near  Durango  City  has  doc¬ 
umented  more  than  700  meters  of  rhyolitic  volcanic  rock  (Rio  Chico  Formation)  over- 
lain  by  basaltic  lava-flow  rock  and  lapilli  (Metates  Formation).  The  Rio  Chico  Formation 
consists  of  several  persistent  ignimbrites,each  covering  several  hundred  square  kilometers, 
intercalated  with  local  ignimbrites,  basaltic  and  rhyolitic  lava-flow  rock,  and  rhyolitic  air- 
fall  tuff.  Rhyolitic  plugs  intrude  rocks  of  the  Rio  Chico  Formation  in  several  places.  Pre¬ 
liminary  K-Ar  dates  on  three  of  the  most  persistent  ignimbrites  indicate  a  middle  to  late 
Oligocene  age.  The  rhyolitic  volcanic  rock  overlies  an  older  sequence  of  andesitic  volcanic 
rock. 

The  rhyolitic  volcanic  rock  near  Durango  City  has  at  least  three  source  areas.  One 
of  the  older  ignimbrites  came  from  the  Chupaderos  Caldera  eight  kilometers  north  of 
Durango  City.  An  intermediate  sequence  of  ignimbrites  thickens  considerably  toward  a 
probable  source  to  the  south.  The  younger  ignimbrites,  air-fall  tuff,  and  rhyolitic  lava- 
flow  rock  evidently  originated  from  an  eruptive  center  several  kilometers  west  of  Durango 
City. 

The  nearly  horizontal  ignimbrites  are  broken  by  north-  and  northwest-trending 
normal  faults.  The  initial  faulting  occurred  during  eruption  of  the  ignimbrites,  possibly 
because  of  collapse.  Major  episodes  of  block  faulting  also  occurred  before  and  after  erup¬ 
tion  of  the  rocks  in  the  Metates  Formation. 

GENESIS  OF  DURANGO  IRON  ORE  -  James  Irwin  Lyons,  Jr.,  The  Univer¬ 
sity  of  Texas  at  Austin. 

Ten  kilometers  north  of  the  city  of  Durango,  a  system  of  arcuate  faults  occurs  in  a 
thick  mound  of  orange-pink,  crystal-rich  ignimbrite.  The  fault  pattern  and  thickened 
ignimbrite  indicate  the  presence  of  a  caldera;  the  village  of  Chupaderos  is  situated  in  its 
moat-like  collapse  zone.  The  ignimbrite  mound  is  greater  than  200  meters  thick,  but  thins 
rapidly  to  the  south,  east,  and  west.  Thicknesses  of  50  to  100  meters  were  observed  10  to 
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30  kilometers  to  the  south  and  east.  The  interior  block,  ringed  by  faults,  consists  of 
breccia-rich  units  containing  as  much  as  70%  lithic  fragments. 

On  the  flank  of  the  ignimbrite  mound  are  abundant  rhyolite  flows  and  ash-fall 
deposits.  The  Durango  iron  deposits  are  draped  on  an  erosional  surface  developed  on  all 
these  units.  The  iron  deposits  are  probably  volcanogenic.  Primary  lines  of  evidence  for 
this  interpretation  are  the  widespread  sheet  of  iron  oxides  on  the  erosional  surface  and 
the  igneous  features  of  the  ore  bodies  at  the  Pena  Morada  and  Cerro  de  Mercado  mines. 
The  thin  blanket -like  sheet  of  iron  oxides  covers  an  area  greater  than  250  sq.  km.  and  is 
finely  laminated  and  highly  variable  in  thickness.  The  ore  of  the  Pena  Morada  Mine 
appears  to  be  laminated  ash  and  lava  flows  of  iron  oxides  which  contain  apatite  and  show 
possible  melting  and  streaking  of  a  silicate  breccia  at  its  base.  Cerro  de  Mercado  ore 
occurs  as  a  large  complex:  a  thick,  irregular  layer  of  massive  martite  containing  abundant 
apatite  and  overlain  by  laminated  hematite  powders  and  flows.  Dikes  of  similar  rock 
radiate  out  of  the  center  of  the  complex. 

OPAQUE  AND  TRANSPARENT  MINERALS  IN  PRECAMBRIAN  MT. 
EVANS  GNEISS  FROM  CENTRAL  COLORADO  -  Volker  Gobel ,  Stephen 
F.  Austin  State  University,  Nacogdoches. 

Precambrian  Mt.  Evans  Gneiss  from  the  Central  Front  Range,  Colorado  is  a  diaph- 
thoretic  paragneiss-metablastite  that  originated  from  a  sequence  of  interbedded  pelitic 
to  arenaceous  sediments  which  underwent  regional  dynamothermal  metamorphism  dur¬ 
ing  the  Boulder  Creek  orogeny  about  1.74  -  1.71  b.y.  ago.  The  minerals  constituting  the 
gneiss  formed  during  at  least  five  (5)  mineralogenetic  periods. 

(1)  Some  zircon  and  apatite  are  sedimentary  relics  which  were  deposited  with  the  clay 
layers  of  the  original  sediment. 

(2)  Crystallisation  during  diagenesis  and  progressive  metamorphism  produced  pyrite, 
chalcopyrite,  zircon,  apatite,  titanite,  plagioclase,  biotite,  hematite,  muscovite, 
magnetite,  sillimanite,  ilmenite,  hornblende,  and  quartz.  It  grades  into 

(3)  the  period  of  metablastic  growth  of  plagioclase  and  micro cline. 

The  high-state  metamorphic  mineral  assemblage  is  syn-  to  post -kinematic. 

(4)  It  was  incompletely  replaced  by  a  mineral  association  caused  by  breakdown, 
decomposition,  and  exsolution  reactions  that  occurred  at  lower  temperatures  and 
pressures  during  periods  of  diaphthoresis  and  cataclasis.  Minerals  thus  formed 
include  albite,  hematite,  magnetite,  titanite,  goethite,  chlorite,  epidote,  allanite, 
rutile,  calcite,  and  sericite. 

(5)  Recent  weathering  results  in  the  formationoof  goethite  and  leucoxene. 

THE  ORIGIN  OF  FLOURITE  IN  THE  LLANO  UPLIFT  -  Gerard  Shank, 
Baylor  University,  Waco. 

HEAT  RELEASED  TO  THE  ATMOSPHERE  FROM  A  SMALL,  LIGHTLY- 

INDUSTRIALIZED  CITY  -  Robert  C.  Runnels,  Texas  A  &  M  University, 
College  Station. 

THE  QUALITY  OF  SOLAR  RADIATION  OVER  WATER  NEAR  ANTARC¬ 
TICA  --  Liang  Y.  Chen  and  Guy  A.  Franceschini,  Texas  A  &  M  University, 
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College  Station. 

Solar  radiation,  both  incident  and  reflected,  was  measured  on  board  R/V  U.S.N.S. 
ELTANIN  using  eight  precision  pyranometers  (Eppley),  with  lower  cut-off  wavelengths 
at  285,500, 600  and  700  nm,  and  upper  cut-off  at  2,800  nm.  In  this  way,  values  of  solar 
radiation  over  four  wave  bands  were  obtained.  The  measurements  were  made  from  20 
November  1970  to  19  January  1971  and  from  17  January  1972  to  25  February  1972. 

The  data  will  be  used  primarily  to  correlate  with  simultaneous  measurements  of 
biological  productivity  in  the  water.  However,  they  are  of  value  in  themselves.  They  fur¬ 
nish  information  on  the  quality  of  solar  energy  in  this  area.  The  following  are  some  of  the 
results:  a  percentage  increase  in  the  blue  component  and  a  decrease  in  the  red  and  infra¬ 
red  was  noted  with  increasing  solar  altitude;  a  percentage  decrease  in  the  infraredwas 
associated  with  overcast  stratocumulus  clouds;  when  compared  to  the  incident  flux,  the 
upwelling  radiation  was  found  to  be  richer  in  the  visible  bands,  but  poorer  in  the  infrared; 
and  reflectivity,  the  ratio  of  reflected  to  incident  components,  decreased  in  each  wave¬ 
band  with  increasing  solar  altitude. 

(This  effort  is  part  of  a  research  project  sponsored  by  the  Office  of  Polar  Programs, 
National  Science  Foundation.) 

Saturday  Morning,  March  17 

FUNCTION  OF  OPISTHOCOELUS  CERVICAL  VERTEBRAE  IN  SAURO- 
POD  DINOSAURS  AND  OTHER  ANIMALS  WITH  LONG  ERECT  NECKS 
--  Will  Gosnold  and  Bob  Slaughter,  Southern  Methodist  University,  Dallas. 

PTYCHODONTS  (CHONDRICHTHYES:  SELACHII)  FROM  THE  LATE 
CRETACEOUS  OF  NORTHEAST  TEXAS  -  Robert  L.  Meyer,  Southern 
Methodist  University,  Dallas. 

A  POST  PLEISTOCENE  MAMALIAN  FAUNA  FROM  THE  GUADELUPE 
MOUNTAINS  AND  ITS  CLIMATIC  SIGNIFICANCE  -  Ernest  L.  Lun- 
delius,  Jr.,  The  University  of  Texas  at  Austin. 

A  GIANT  BISON  SKULL  FROM  THE  PLEISTOCENE  OF  OKLAHOMA  - 
Toni  Stovey,  Southern  Methodist  University,  Dallas. 

PALEOECOLOGICAL  SIGNIFICANCE  OF  THE  SHORT-TAILED  SHREW, 
BLARINA  -  Russell  Wm.  Graham,  The  University  of  Texas  at  Austin. 

CIRCULAR  EDWARDS  LIMESTONE  BIOHERMS  IN  CENTRAL  TEXAS  - 
Dana  Roberson,  Grigsby-Traver  Oil  &  Gas  Exploration. 

THE  IMPLICATIONS  OF  A  POLLEN  PROFILE  OF  THE  NOONAN  COAL 
FIELD  (PALEOGENE),  NORTH  DAKOTA  -  Leonard  V.  Moore,  Southern 
Methodist  University,  Dallas. 

In  this  study  a  total  of  sixteen  samples,  four  each  from  four  exposures,  were  proc- 
cessed  for  pollen-  spore  analysis.  The  samples  were  taken  from  the  upper  clay,  upper  coal, 
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lower  coal,  and  lower  clay.  Exposure  A  shows  a  lenticular,  three  and  one-half  foot  thick 
seam  of  lignite.  B  and  C  are  one-half  miles  apart,  while  D  is  located  approximately  six 
miles  beyond  C.  B,  C,  and  D  are  all  about  six  feet  thick. 

In  every  locality  the  lower  clay  flora  is  essentially  identical  to  the  overlying  lower 
coal  flora,  indicating  that  long  distance  stream  transport  of  an  ‘upland’  flora  is  not  repre¬ 
sented  to  any  significant  degree  in  the  lower  clay  samples. 

All  four  localities  have  nearly  identical  percentages  of  conifers,  hardwoods,  and 
ferns,  represented  in  the  lower  coal  samples.  In  each  case  conifers  account  for  80%  or 
more  of  the  total.  In  exposures  B  and  C  the  upper  coal  shows  hardwoods  contributing 
85-90%  of  the  total  assemblage,  due  apparently  to  a  successional  trend  within  the  coal 
swamp  environment.  In  A  conifers  remain  dominant  in  the  upper  coal  samples  (75%), 
probably  owing  to  the  lack  of  thickness  of  the  seam.  D  shows  equal  amounts  of  the  three 
types  of  palynormorphs  in  the  upper  coal,  indicating  some  as  of  yet  undetermined  change 
in  one  or  more  of  the  ecological  controling  factors. 

A  rainy  temperate  paleo-climate  is  indicated  by  the  abundant  and  diverse  palyno- 
morph  assemblage. 

ALGAL  STROMATOLITE  DEVELOPMENT  UNDER  LABORATORY  CON¬ 
DITIONS  --  Richard  Hodgkinson  and  Henry  Chafetz,  University  of  Houston. 

THE  OSTRACODA  AND  ASSOCIATED  FAUNA  OF  THE  LOWER  WALNUT 
FORMATION  (LOWER  CRETACEOUS)  OF  TRAVIS  AND  WILLIAMSON 
COUNTIES,  TEXAS  -  David  G.  Moysey,  University  of  Houston. 

The  Lower  Walnut  Formation  (Middle  Albian)  of  the  Fredericksburg  Division 
(Comanchean  Series)  in  south-central  Texas  has  a  very  abundant  and  diverse  shallow  mar¬ 
ine  ostracode  fauna.  Collections  of  Ostracoda  from  five  measured  sections  in  Travisaand 
Williamson  Counties  contain  twenty-four  species  belonging  to  fifteen  genera,  including 
Cytheresis,  Cytherella,  Eocytheropteron,  Asciocy there  and  Neocy there.  Systematic  de¬ 
scriptions  of  the  ostracode  fauna  are  presented,  including  thirteen  new  species.  Foramini- 
fera  and  other  microfossils  including  ophiuroid  arm  bones,  holothurian  sclerites  and  Ino- 
ceramus  prisms  are  also  recorded  from  each  station,  but  not  included  in  the  systematic 
study. 

Six  facies  have  been  recognized,  based  on  microfaunal,  megafaunal  and  lithological 
data  presented  in  this  paper.  The  associations  of  ostracodes  and  foraminifers,  their  diver¬ 
sity,  and  relative  and  absolute  abundances,  document  these  facies.  Each  facies  formed 
under  different  paleoenvironmental  conditions  that  are  associated  with  a  shallow,  carbon¬ 
ate  shelf.  There  is  one  marker  horizon,  based  on  ostracodes,  which  contains  the  only 
known  occurrence  of  Bairdiidaein  the  Lower  Walnut  Formation  in  Travis  and  Williamson 
Counties. 

At  the  generic  level,  the  ostracode  assemblage  of  the  Lower  Walnut  Formation  is 
similar  to  the  assemblages  of  the  European  Aptian,  Barremian  and  Ha  uteri  vian  Stages. 
The  Lower  Walnut  species  show  greater  affinity  to  Aptian  species  than  to  those  of  the 
Albian.  Therefore,  the  Lower  Walnut  ostracode  assemblage  appears  to  be  part  of  a  relict 
shallow  marine  assemblage  that  was  isolated  from  the  European  ostracode  assemblages 
during  early  Cretaceous  time  as  the  North  American  and  European  continents  drifted 
apart. 
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OBSERVATIONS  ON  THE  QUARTZ  GRAIN  FABRIC  IN  FOSSIL  WOOD 
FROM  EAST  TEXAS  --  Volker  Gobel,  Stephen  F.  Austin  State  University , 
Nacogdoches. 

FORAMINIFERAL  VARIATION  IN  BOTTOM  SEDIMENTS  BEFORE  AND 
AFTER  SPORAGE  BETWEEN  STINGAREE  CONE  AND  BIG  PASTURE 
BAYOU,  BOLIVAR  PENINSULA,  GALVESTON  COUNTY,  TEXAS  -  C. 

L.  McNulty  and  Michael  W.  Smith,  University  of  Texas  at  Arlington. 

SECTION  IV  -  BIOLOGICAL  SCIENCES 
Friday  Morning,  March  16 

THE  DEVELOPMENT  AND  FATE  OF  THE  COELOMIC  CAVITY,  A 
TEACHING  FILM  FOR  EMBRYOLOGY  COURSES  -  Alexis  L.  Burton, 
University  of  Texas  Medical  School  at  San  Antonio. 

DEVELOPMENTAL  ANATOMY  OF  THE  ORCHID,  EPIDENDRUM  COCH- 
LEATUM,  FROM  SEED  TO  STATE  TWO  --  H.  Guinn  Lewis  and  Fannie 

M.  Hurst, Baylor  University,  Waco. 

DISTRIBUTION  OF  FATTY  ACIDS  IN  COTTON  SEED  DURING  GERMIN¬ 
ATION  -  Rena  Freeman,  Anoop  Chander  Joshi,  and  V.  M.  Doctor, Prairie 
View  A  &  M  College. 

JELLO  AND  SEED  GERMINATION  --  Thomas  P.  Dooley,  Bishop  College, 
Dallas. 

EFFECTS  OF  GIBBERELLIC  ACID  UPON  THE  SEXUAL  EXPRESSION  OF 
THE  BUTTERNUT  SQUASH  -  H.  Guinn  Lewis  and  Fannie  M.  Hurst,  Bay¬ 
lor  University,  Waco. 

EFFECT  OF  GROWTH  REGULATORS  ON  UP-TAKE  OF  NUTRITIVE 
IONS  AND  YIELDS  OF  SOYBEAN  IN  TEXAS  GULF  COASTAL 
PRAIRIE  --  B.  K.  Chopra,  E.  Brams,  S.  A.  Smith,  and  T.  J.  Collins,  Prairie 
View  A  &  M  College. 

OXALIC  ACID  PRODUCTION  BY  PHYMATOTRICHUM  OMNIVORUM  - 
K.  M.  Bartosh  and  S.  D.  Lyda,  Texas  A  &  M  University,  College  Station. 

CYTOCHEMICAL  EVALUATIONS  OF  A  PASIFLORA  HYBRID  -  E.  Ruth 
Anderson  and  R.  A.  Gerdes,  Texas  Woman’s  University,  Denton. 

METABOLIC  DEFECT  IN  NUTRITIONAL  MUTANTS  OF  DROSOPHILA 
MELANOGASTER  -  Priscilla  Holmans  and  R.  A.  Gerdes,  Texas  Woman’s 
University,  Denton. 
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POLLEN  MORPHOLOGY  OF  SOME  TEXAS  MIMOSOIDEAE  (LEGUMI- 
NOSAE)  -  Jack  Stanford,  Howard  Payne  College,  Brownwood. 

Friday  Morning,  March  1 6 

FAUNAL  STUDY  OF  THE  WEST  FLOWER  GARDEN  CORAL  REEF:  AN 
INTRODUCTION  --Thomas  J.  Bright,  Texas  A  &  M  University,  College 
Station. 

The  West  Flower  Garden  Reef  Bank,  110  nautical  miles  southeast  of  Galveston, 
Texas,  exhibits  a  distinctive  depth  related  biotic  zonation  fromiits  crest  at  75  feet  depth 
downward,  A  living  shallow  water  coral  reef  is  represented  above  150  ft  by  a  thriving 
Diploria-Montastrea-Porites  community.  Between  150  and  250  feet  the  bottom  is  occu¬ 
pied  by  an  algal-sponge  community  in  which  calcareous  algal  nodules  are  major  substrate 
producers.  Deeper,  at  least  to  500  ft,  the  sand  and  silt  substrate  supports  a  soft  bottom 
community  with  depth  dependent  sub-communities  characterized  in  turn  downward  by 
the  predominance  of  crinoids,  asteroids,  sea  whips  and  small  colonies  of  branching  corals. 
Rising  out  of  the  soft  bottom  below  250  ft  are  numerous  ancient  reefs  which  are  occu¬ 
pied  by  a  unique  drowned-reef  community  of  which  crinoids,  brachiopods  and  alcyonar- 
ian  sea  fans  and  sea  whips  are  characteristic. 

THE  USE  OF  SUBMERSIBLES  AS  A  BIOLOGICAL  TOOL  IN  DEEP  SEA 
RESEARCH  -  James  P.  Ray,  Texas  A  &M  University,  College  Station. 

FORAMINIFERIDA  OF  THE  WEST’,  FLOWER  GARDEN  AND  CORAL 
REEF  --  R.  Christopher  Tresslar,  Texas  A  &  M  University,  College  Station. 

Previous  studies  of  the  foraminiferal  faunas  of  coral  reefs  have  been  based  largely, 
if  not  entirely,  on  specimens  that  were  recovered  from  sediment  samples  taken  by  tra¬ 
ditional  geological  methods.  The  reasons  for  this  are  twofold:  1)  since  foraminifers  have 
little  direct  effect  on  man  compared  to  other  protozoans,  but  are  of  considerable  eco¬ 
nomic  importance  to  the  petroleum  industry,  they  have  been  primarily  studied  by  geolo¬ 
gists  and  paleontologists  using  a  geological  approach,  and  2)  these  traditional  sampling 
techniques  usually  fail  to  recover  reef  materials  other  than  sediments,  and  hence  sub¬ 
strata  such  as  reef  framework,  coral  rubble,  mollusk  shells,  algae,  and  coralline  algal 
nodules  have  been  ignored.  In  the  present  study,  sediments  as  well  as  these  hard  substrata 
were  collected  directly  by  divers,  and  treated  with  a  protoplasmic  strain  to  detect  individ¬ 
uals  that  were  live  when  collected. 

The  West  Flower  Garden  coral  reef  supports  a  diverse  and  typically  reefal  fora¬ 
miniferal  fauna  that  is  closely  allied  to  that  of  Caribbean  and  Pacific  reefs,  numerous 
species  being  common  to  all  three  areas.  The  three  suborders  of  the  Foraminiferida  are 
represented,  but  species  of  the  Rotaliina,  such  as  Amphistegina  gibbosa,  Homotrema 
rub  rum,  Sporadotrema  cylindricum,  Planorbulina  mediterranensis,  P.  acervalis,  Plano- 
gypsina  squamiformis,  Gypsina  plana,  Carterina  spiculotesta,  Tretomphalus  atlanticus 
and  Spirillina  vivipara  are  predominant.  The  geographic  ranges  of  several  species  have 
been  extended  as  a  result  of  this  study.  Interestingly,  most  species  and  individuals  occur 
associated  with  hard  substrata  of  the  reef  and  biostromal  bank,  rather  than  free  in  the 
sediments  as  has  been  traditionally  held.  Thus  the  approach  used  in  this  study  can  pro- 
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vide  more  accurate  information  on  the  foraminiferal  fauna  of  coral  reefs,  and  additionally 
can  provide  insight  into  the  life  habits  of  species  not  previously  observed  living  on  hard 
substrata. 

THE  SCLERACTINIA  OF  THE  WEST  FLOWER  GARDEN  CORAL  REEF  - 
R.  Christopher  Tresslar,  Texas  A  &  M  University,  College  Station. 

The  West  Flower  Garden  coral  reef  is  a  submerged  reef  bank  formed  by  a  flourish¬ 
ing  fauna  of  West  Indian  corals  representing  8  families  and  16  species.  The  reef  crests  at 
about  70  feet  below  sea  level,  and  extends  to  a  depth  of  135  feet,  thus  lacking  the  emer¬ 
gent  reef  zone,  formed  by  branching  species  of  the  genus  Acropora,  that  is  present  on 
more  typical  reefs.  Dominant  species  present  at  the  Flower  Garden,  such  as  Montastrea 
annularis,  Diploria  strigosa,  Pontes  artreoides,  have  a  massive  or  encrusting  growth  habit, 
and  are  species  which  are  characteristic  of  the  deeper  reef  slopes  of  emergent  West  Indian 
reefs.  Individual  coral  heads  at  the  Flower  Garden  are  frequently  as  large  as  15  feet  in 
diameter  and  height  and  closely  spaced,  giving  the  reef  an  extremely  rough  topography. 
Heads  may  be  shingle-like  forming  ledges  and  overhands,  often  with  small  caves  beneath. 
Sediment  accumulates  in  depressions  and  between  the  large  heads. 

Since  the  Flower  Garden  lies  near  the  perimeter  of  the  distribution  of  the  West 
Indian  reef  fauna,  relatively  remote  from  the  center  of  distribution  in  the  Caribbean,  it  is 
to  be  expected  that  the  diversity  should  be  somewhat  less  than  in  the  Caribbean.  But  a 
closer  examination  of  diversity  trends  among  West  Indian  coral  faunas  shows  that,  in 
addition  to  the  relation  between  diversity  and  remoteness  from  the  center  of  distribution, 
there  also  exists  a  relation  between  apparent  diversity  and  the  method  and  intensity  of 
study  of  the  various  reefs.  Thus  more  meaningful  analysis  of  the  relationships  between  the 
reef  faunas  must  await  more  comprehensive  studies  that  include  in  situ  observation  of  the 
coral  faunas. 

HYDROIDS  FROM  THE  WEST  FLOWER  GARDENS  BANK;  NORTHWEST 
GULF  OF  MEXICO  -  Richard  Defenbaugh,  Texas  A  &  M  University, 
College  Station. 

Hydro  ids  were  collected  at  the  West  Flower  Gardens  bank,  a  deep-water  coral  reef 
approximately  107  nautical  miles  due  south  of  Sabine  Pass,  Texas,  at  93°49.0’  N  x  27° 
51.6’W.  Collecting  trips  were  made  under  the  auspices  of  the  University  of  Texas  Medical 
Branch,  Marine  Biomedical  Institute’s  “Flower  Gardens  Ocean  Research  Center”.  Samples 
were  searched  for  and  collected  by  SCUBA  divers  and  by  operators  of  the  two-man  sub¬ 
mersible  “Nekton  Gamma”. 

Seventeen  species  were  found,  growing  on  calcareous  rocks  from  the  deep  reef,  on 
a  float  assembly  (a  glass  sphere  tethered  by  60  feet  of  cable  to  an  engine  block  resting  on 
the  upper  reef,  in  75  feet  of  water),  and  on  sargassum  floating  in  the  vicinity.  No  hydroids 
were  found  on  the  upper  reef  itself.  Hydroids  from  the  deep  reef  include  Sertularia 
dalmasi  (160’),  Aglaophenia  elongata*(  160’),  and  unidentified  species  of  Bimeria  (310’), 
Bougainvillia  (370’),  and  Monostaechas  (156’).  Hydroidsffound  on  the  float  assembly  in¬ 
clude  Obelia  dichotoma  (15-75’),  Clytia  cylindrica  (50-75’),  and  Plumularia  sp.  (15-20’). 
Figures  in  parentheses  are  depth  ranges,  in  feet,  from  the  surface.  Hydroids  found  on 
floating  sargassum  include  Zanclea  costata,  Clytia  noliformis,  Gonothyraea  gracilis,  Obelia 
geniculata,  Sertularia  mayeri,  Aglaophenia  late-carinata,  Plumularia  corrugata**,  Plum- 
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ularia  diaphana*,  and  Plumularia  margaretta*. 

Some  of  the  four  unidentified  species  may  prove  to  be  new;  three  of  the  above  species 
(*)  are  new  to  the  Texas  coast;  one  (**)  is  new  to  the  Gulf  of  Mexico.  Although  the  West 
the  West  Flower  Gardens  bank  has  many  components  typical  of  West  Indian  reefs,  the 
hydroids  share  affinities  with  both  the  Caribbean  and  Carolinian  biotic  provinces;  the 
reef  could  not  be  characterized  as  either  Caribbean  or  Carolinian  on  the  basis  of  the 
hydroids. 

PRELIMINARY  REPORT  ON  THE  MOLLUSCS  OF  THE  WEST  FLOWER 

GARDEN  CORAL  REEF  -  Douglas  A.  Lipka,  Texas  A  &  M  University, 
College  Station. 

PRELIMINARY  REPORT  ON  THE  MOLLUSCS  OF  THE  WEST  FLOWER 
GARDEN  CORAL  REEF  -  Dennis  A.  Cropper,  Texas  A  &  M  University, 
College  Station. 

The  Bryozoan  fauna  of  the  Northwest  Gulf  of  Mexico  is  virtually  unknown.  -Pre¬ 
liminary  studies  of  the  Bryozoa  of  the  West  Flower  Garden  Reef  bank  indicate  a  range 
extension  of  species  previously  reported  in  the  Gulf,  and  also  species  which  have  hereto¬ 
fore  not  been  identified  from  the  Gulf  of  Mexico.  The  species  list  contains  representatives 
from  three  practically  distinct  depth-related  zones:  1)  the  surface  waters  (one  sample), 
2)  75-80  feet  (the  coral  reef),  3)  140-250  feet  (biostromal  bank).  Of  the  thirty  species 
thus  far  identified,  only  five  have  overlapped  between  zones  two  and  three.  The  great 
majority  of  the  specimens  collected  consists  of  colonies  growing  on  algal  nodules,  with 
others  collected  on  shells  and  sponges.  The  one  surface  sample  was  found  attached  to 
Sargassum.  As  a  method  of  study  the  scanning  electron  microscope  photomicrographs 
seem  to  be  a  most  valuable  tool  for  the  Bryozoan  systematist. 

ECHINODERMS  OF  THE  WEST  FLOWER  GARDEN  CORAL  REEF  BANK 
-  Thomas  Burke,  Texas  A  &M  University,  College  Station. 

The  echinoderm  fauna  of  the  West  Flower  Garden  bank  can  be  described  as  being 
typically  West  Indian  in  nature,  with  conspicuous  apparent  absences  of  some  common 
West  Indies  species,  and  population  size  shifts  in  others.  The  dominant  forms  in  terms  of 
numbers  and  biomass  appear  to  be  the  echinoid  Diadema  antillarum  and  the  ophiuroid 
Ophiactis  savignyi.  Asteroids  and  crinoids  appear  to  be  totally  absent  in  the  zone  of  the 
living  reef.  The  diversity  of  echinoderms  on  the  bank  as  a  whole  is  relatively  low,  com¬ 
pared  to  many  localities  in  the  West  Indies  and  Florida.  Twenty-six  species  have  been 
documented  thus  far,  the  ophiuroids  being  the  most  diverse  with  thirteen  species.  A 
prominent  ophiuroid  family,  Amphiuridae,  also  appears  to  be  totally  absent  from  the 
bank.  A  disparity  exists  between  the  species  group  of  the  living  reef  and  the  species  group 
of  the  biostromal  bank  and  reef  slope.  Ten  species  are  found  on  the  living  reef,  and  six¬ 
teen  species  on  the  biostrome  and  slope,  with  only  two  in  common,  Arbacia  punctulata 
and  Ophiactis  savignyi. 

A  PRELIMINARY  REPORT  ON  THE  DECAPOD  (REPTANTIA)  CRUSTA¬ 
CEANS  OF  THE  WEST  FLOWER  GARDEN  CORAL  REEF  -  James  P. 
Ray,  Texas  A  &  M  University,  College  Station . 

The  West  Flower  Garden  Coral  Reef  is  the  most  northern  coral  reef  in  the  Gulf  of 
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Mexico.  It  is  situated  at  Lat.  27°53’N.  and  Long.  93°49’W.  The  living  coral  reef  extends 
from  about  65  feet  to  140  feet.  A  group  of  Texas  A  &  M  University  personnel  in  conjunc¬ 
tion  with  the  Flower  Gardens  Ocean  Research  Center  (FGORC) (University  of  Texas 
Marine  Biomedical  Institute)  have  conducted  a  multi-disciplined  study  of  the  Flower  Gar¬ 
den  banks.  As  a  part  of  this  study,  twenty  different  species  of  decapods  were  collected. 
Collection  techniques  included  hand  collecting  by  SCUBA  divers,  day  and  night.  A 
rotenone  technique  utilizing  a  plastic  tent,  and  the  use  of  Van  Veen  dredge,  trawls,  and  a 
submersible  (DSRV  Nekton  Gamma). 

Of  the  twenty  species  collected,  seventeen  are  new  reports  for  the  northern  Gulf 
of  Mexico.  It  is  also  noted  that  many  of  the  specimens  collected  were  larger  than  those 
previously  reported.  Descriptions  and  photographs  will  be  published  in  a  forthcoming  re¬ 
port  from  the  Marine  Biomedical  Institute,  Galveston,  Texas. 

A  PRELIMINARY  REPORT  ON  THE  DECAPOD  (NATANTIA)  CRUSTA¬ 
CEANS  OF  THE  WEST  FLOWER  GARDEN  CORAL  REEF  -  Linda 
Pequegnat,  Texas  A  &  M  University,  College  Station. 

Twenty-eight  species  of  natantian  decapods,  all  caridean  shrimps,  have  been  identi¬ 
fied  thus  far  from  the  West  Flower  Garden  Reef  collections.  Penaeid  shrimps  were 
notably  absent  from  the  collections.  Six  caridean  families  are  represented.  The  majority 
of  the  species,  16,  are  snapping  shrimps  of  the  Family  Alpheidae.  Other  families  repre¬ 
sented  are  the  Palaemonidae  (7  species),  Hippolvtidae  (2  species),  Disciadidae  (1  species), 
Processidae  (1  species),  and  Rhynchocinetidae  (1  species). 

The  most  commonly  occurring  shrimp  species  on  the  reef  are  the  palaemonid, 
Brachycarpus  biunguiculatus,  and  the  alpheids,  Synalpheus  townsendi  and  a  new  species 
of  Synalpheus  found  associated  with  an  orange  sponge. 

A  rotenone  poisoning  technique  is  credited  with  the  collection  of  many  rare  and 
previously  unrecorded  crevice-dwelling  species  which  are  usually  overlooked  in  routine 
hand  and  net  collecting.  The  West  Flower  Garden  caridean  shrimps  contain  21  species 
recorded  for  the  first  time  from  the  northwestern  Gulf,  12  of  which  are  first  records  for 
the  entire  Gulf  of  Mexico,  and  7  of  these  are  new  species  which  will  be  described  in  a 
forthcoming  paper. 

The  zoogeographical  affinities  of  the  natantian  decapods  from  the  West  Flower 
Garden  Reef  are  also  discussed.  The  majority  of  the  species  are  found  to  have  definite 
southern  (i.e.,  Caribbean)  affinities. 

THE  ECHINODERMS  OF  SEVEN  AND  ONE-HALF  FATHOM  REEF  - 
Thomas  C.  Shirley,  Texas  A  &  M  University,  College  Station. 

Seven  and  One-Half  Fathom  Reef  is  a  small  topographic  prominence  of  pleisto¬ 
cene  origin  located  at  26°49.0’  N,  97°19.3’  W  in  the  northwestern  Gulf  of  Mexico.  The 
shallow  surface  areas  of  the  reef  are  covered  by  a  dense  mat  composed  primarily  of  com¬ 
pound  ascidians,  sponge  and  polychaet  tubes,  harboring  concentrations  of  a  wide  spec¬ 
trum  of  invertebrates. 

FISH  FAUNA  OF  THE  WEST  FLOWER  GARDEN  CORAL  REEF  -  Cara 
Cashman,  Texas  A  &  M  University,  College  Station. 

The  ichthyofauna  of  the  Texas  coast  has  been  extensively  studied  from  the  late 
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1800’s  to  the  present.  In  spite  of  the  quantity  of  literature,  the  offshore  reefs  and  banks 
are  not  well  known.  Investigators  sampling  banks  in  the  past  have  utilized  conventional 
methods  including  trawls  grabs  and  dredges.  SCUBA  and  submersibles  have  been  used 
during  the  West  Flower  Garden  study. 

The  continental  shelf  ichthyofauna  of  the  northwestern  Gulf  has  been  variously 
classified.  In  the  late  1800’s  it  was  believed  to  be  similar  to  the  Florida  and  West  Indian 
areasJly  the  1950’s  it  was  considered  1)  a  distinct  faunal  complex,  2)  similar  to  the  tem¬ 
perate-marine  fauna  of  the  Atlantic  coast,  3)  part  of  the  northern  Gulf  and  thus  dissim¬ 
ilar  from  the  southern  Gulf  or  4)  different  from  the  northeastern  fauna.  The  last  view  has 
been  the  more  common,  and  data  from  two  authors  supporting  it  were  compared  to  the 
known  Texas  fauna  and  the  West  Flower  Garden  fish. 

Thus  far  550  specimens  of  fish  representing  124  species,  89  genera,  and  44  families 
have  been  encountered  by  us  at  the  West  Flower  Garden.  Of  the  124  species,  49  are  new 
records  for  the  northwestern  Gulf,  4  are  new  records  for  the  Gulf  of  Mexico,  and  2  are 
new  records  for  the  U.  S.  One  undescribed  species  was  collected  east  of  the  West  Flower 
Garden. 

Using  W.  A.  Starck,  1968  (Undersea  Biol.  1  (1 ) :  1  -40)  as  a  guide  to  classify  our  own 
fauna,  the  majority  of  fish  (76%)  taken  at  the  West  Flower  Garden  can  be  considered  reef 
inhabitants,  11%  and  13%  are  considered  secondary  reef  species  and  offshore  pelagic 
forms,  respectively. 

The  project  has  confirmed  the  presence  of  a  substantial  extension  of  the  West 
Indian  hard  bottom  ichthyofauna  into  the  northwestern  Gulf  of  Mexico. 

Friday  Morning,  March  16 

CHROMOSOME  AND  HYBRIDIZATION  STUDIES  IN  CICHLID  FISHES  - 
Kenneth  W.  Thompson,  The  University  of  Texas  at  Austin. 

GENETIC  STUDIES  OF  UNISEXUAL-HYBRID  FISHES  (POECILIOPSIS, 
POECILIDAE)  -  R.  C.  Vrijenhoek,  Southern  Methodist  Univ.,  Dallas. 

PROTOCOL  AND  METHODS  FOR  EXTRACTION  AND  PURIFICATION  OF 
PISCINE  DNA  --  Gary  L.  Powell,  The  University  of  Texas  at  Austin. 

EFFECTS  OF  TEMPERATURE  ON  THE  ENERGETICS  OF  THE  BLUE- 
GILL  SUNFISH,  LEPOMIS  MACROCHIRUS  -  A.  M.  Besand,  L.  C.  Fitz¬ 
patrick  and  W.  D.  Pearson ,  North  Texas  State  University,  Denton. 

EFFECT  OF  PHOTOPERIOD  ON  RESISTANCE  TO  HEAT  DEATH  OF 
CYPRINODON  VARIEGATUS  -  Douglas  F.  Ocker  and  Kirk  Strawn.  Tex¬ 
as  A  &M  University,  College  Station 

A  TRAMMEL  NET  SURVEY  OF  A  DISTURBED  HYPERSALINE  EN¬ 
VIRONMENT  -  Richard  K.  Tinnin,  Texas  A  &  I  University,  Kingsville. 

The  study  area  was  located  just  south  of  the  Texas  A  &  I  University  Biological 
Station  on  Laguna  Salada,  the  east -west  arm  of  the  Baffin-Alazan  Bay  complex  south  of 
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Corpus  Christi,  Texas. 

The  purpose  of  the  study  was  to  determine  the  effects  of  arrapid  lowering  of  salin¬ 
ity  on  the  residential  fauna  of  a  hypersaline  environment.  This  was  accomplished  by 
comparing  the  data  collected  by  previous  researchers  under  hypersaline  conditions  to 
data  collected  under  the  disturbed  salinity  regime  with  respect  to  species  composition 
and  seasonal  variation. 

Unseasonably  heavy  rains  in  Aug.  1971  and  torrential  rains  caused  by  Tropical 
Storm  Fern  resulted  in  heavy  flooding  in  South  Texas  in  earlySept.  1971.  The  subsequent 
runoff  drastically  altered  the  salinity  regime  of  the  Laguna  Salada.  In  a  forty  day  period 
the  salinity  was  lowered  from  69  ppt  to  less  than  1.0  ppt  by  Sept.  20,  1971. 

A  trammel  net  survey  of  the  disturbed  environment  was  initiated  in  Oct.  1971  and 
continued  for  a  period  of  thirteen  months  to  Oct.  1972,  during  which  time  the  salinity 
increased  from  3.3  ppt  to  26.0  ppt. 

Although  the  comparitive  study  covered  two  distinct  salinity  regimes,  the  species 
composition  of  the  resident  population  of  the  bay  remained  the  same  although  the  rank 
order  of  numerical  importance  varied,  with  herbivores  being  slightly  more  prevalent  in 
the  low  salinity  regime. 

Also,  there  was  a  decrease  in  the  number  of  species  but  an  increase  in  the  number 
of  individuals  per  species  in  response  to  the  lower  salinity. 

PALEOBATHYMETRY  BY  FISH  OTOLITHS  -  Mark  A.  Dixon,  Consultant, 
Dallas,  Texas. 

AN  ANALYSIS  OF  PIGMENTS  IN  EURYCEA  -  Evelyn  Barrett,  Southwest 
Texas  State  University,  San  Marcos. 

SALAMANDER  PIGMENTATION  --  Caroline  P.  Benjamin,  Southwest  Texas 
State  University,  San  Marcos . 

Friday  Afternoon,  March  16 

AMINO  ACID  TRANSPORT  BY  THE  RAT  UTERUS  DURING  THE 
ESTROUS  CYCLE  -  Marion  Walters,  Addison  L.  Lawrence,  and  Robert 
Hazelwood,  University  of  Houston. 

INFLUENCE  OF  THE  PINEAL  GLAND  UPON  THE  OVULATORY  CYCLE 
OF  THE  RAT  -  Marshall  L.  Smith,  Jr.,  University  of  Texas  Medical  Branch. 

ABSORPTION  OF  AMINO  ACIDS  BY  THE  GUT  OF  THE  HAGFISH, 
POLISTOTREME  STOUTII  -  Raymond  R.  Crawford,  Jr.  and  Addison  L. 
Lawrence,  University  of  Houston. 

Intestinal  transport  of  amino  acids  has  been  well  documented  in  the  higher  verte¬ 
brates.  The  Pacific  hagfish,  Polistotreme  stoutii  was  studied  in  order  to  gain  a  greater  in¬ 
sight  into  the  evolutionary  process  of  this  membrane  phenomenon. 

A  time  study  was  done  using  the  everted  sac  technique  with  L-alanine  at  an 
ambient  concentration  of  0.1,  1.0,  and  10.0  nM.  All  experiments  were  carried  out  at 
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15°C.  After  four  successive  three  hour  incubation  periods,  the  serosal  accumulation,  and 
the  S/M  ratio  continued  to  significantly  increase  at  all  three  conditions.  However,  there 
was  a  net  serosal  transfer  and  the  S/M  ratios  were  all  greater  than  one,  which  indicated 
that  L-alanine  could  be  absorbed  against  an  apparent  concentration  gradient. 

A  second  time  study  was  carried  out  using  a  tissue  slice  incubation  technique  with 
L-lysine,  glycine,  and  L-valine  at  an  initial  concentration  of  lOmM.  In  all  cases,  a  steady 
state  was  reached  by  30  minutes  and  an  initial  velocity  was  attained  between  0-10  min¬ 
utes.  As  in  the  everted  sac  experiment,  there  was  a  net  serosal  accumulation  and  positive 
T/A  ratios  with  all  the  amino  acids  studied. 

This  data  indicates  that  there  is  an  active  process  for  the  uptake  of  amino  acids  in 
the  gut  of  the  Pacific  hagfish. 

EFFECT  OF  RAW  SOY  BEAN  ON  METHIONINE  ABSORPTION  BY  RAT 
SMALL  INTESTINE  -  Henry  Pope,  Jim  Patton  and  Addison  L.  Lawrence, 
University  of  Houston. 

Three  groups  of  male  Sprague  Dawley  rats  were  fed  twenty-one  days  on  casein, 
heated  soybean,  and  raw  soybean  diets,  respectively.  The  raw  soybean  fed  animals  ate  ad 
libitum  while  the  control  intakes  were  restricted  on  the  basis  of  equal  weight  gain  with 
the  experimentals.  Initially,  equal  amounts  of  L-methionine  (methyl-^C)  were  added  to 
the  mucosal  and  serosal  side  of  intact  everted  rat  small  intestine  sacs.  After  incubation  at 
37°C  for  30  minutes,  the  sacs  were  removed  and  analyzed.  Serosal  Accumulation,  net 
tissue  accumulation,  and  total  accumulation  values  for  radioactive  methionine  were  sig¬ 
nificantly  lower  in  the  raw  soybean  fed  animals,  when  compared  to  the  controls. 

THE  EFFECTS  OF  METABOLIC  STRESS  ON  THE  HORMONE  PROFILE 
OF  THE  RAT  ANTERIOR  PITUITARY  GLAND  -  A.  H.  Braden  III  and 
R.  L.  Hazelwood,  University  of  Houston. 

RAT  ESTERASES:  GENETIC  POLYMORPHISM  DIFFERENTIAL  PHYSI¬ 
OLOGICAL  EXPRESSION  AND  PHYLOGENIC  CONSERVATION  - 
James  E.  Womack,  Abilene  Christian  College. 

MECHANISM  OF  ACTION  OF  HUMAN  PLASMA  DNASE  I  -  Anoop 
Chander  Joshi  and  V.  M.  Doctor,  Prairie  View  A  &  M  College. 

SERUM  CHOLESTEROL  STUDIES  IN  MARMOSET  MONKEY  SPECIES: 
SAGUINAS  OEDIPUS  OEDIPUS  AND  CALLITHRIX  JACCHUS  -  Sam¬ 
uel  McMillan,  A1  T.  Burrs,  and  L.  C.  Collins,  Prairie  View  A  &  M  College. 

STUDIES  OF  FIBRINGEN  CONTENT  IN  THE  PLASMA  OF  MARMOSET 
MONKEY  SPECIES:  SAGUINAS  OEDIPUS  OEDIPUS  AND  CALLI¬ 
THRIX  JACCHUS  -  Dietra  Simon,  A1  T.  Burrs,  and  L.  C.  Collins, Prairie 
View  A  &  M  College. 

EFFECT  OF  Mg++  ON  THE  CONTRACTILE  RESPONSE  TO  Ca++  OF 
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SPONTANEOUSLY  HYPERTENSIVE  RAT  AORTA  -  Thomas  E.  Tenner, 
Jr.,  Oliver  Carrier,  Jr.,  and  Shoji  Shibata,  University  of  Texas  Medical 
School  at  San  Antonio. 

Spontaneously  hypertensive  Wistar  rats  (SHR)  of  either  sex  with  average  mean 
blood  pressure  of  187  mmHg  were  compared  with  normotensive  Wistar  rats  (NWR)  with 
mean  average  blood  pressure  of  132  mmHg.  Preliminary  data  showed  the  ED50  °f  Ca** 
for  the  contractile  response  of  NWR  with  1.2  rnM  Mg++  was  shifted  to  the  right  when 
compared  with  the  ED50  °f  NWR  without  Mg**.  The  ED50  for  Ca++  of  SHR  with  1.2 
mM  Mg++  was  shifted  to  the  left  of  that  for  SHR  without  Mg++.  Tension  decline  done 
with  60  mM  K+  in  Ca++  free  Ringers  solution  showed  that  NWR  with  1.2  mM  Mg++  had 
faster  rates  of  decline  than  NWR  without  Mg++.  O11  the  other  hand,  SHR  with  1.2  mM 
Mg++  had  a  slower  rate  of  decline  than  SHR  without  Mg++.  SHR  with  and  without  1.2 
mM  Mg++  had  faster  rates  of  decline  than  NWR  with  or  without  1 .2  mM  Mg++.  This  data 
suggests  that  Ca++  and  possibly  Mg++  play  a  role  in  the  Hypertension  seen  in  SHR. 

EFFECTS  OF  CYCLOHEXIMIDE  ON  THE  FORMATION  OF  RAT  LIVER 
DNA  IN  VITRO  -  Roger  F.  Brown,  Southwest  Texas  State  University,  San 
Marcos. 

AUTOMATED  DETERMINATION  OF  B-  AND  T-TYPE  LYMPHOCYTES  IN 
PERIPHERAL  BLOOD  -  C.  A.  Tuchman  and  B.  Sue  Criswell,  University 
of  Texas  Medical  Branch,  Galveston  and  Baylor  College  of  Medicine,  Hous¬ 
ton. 

In  suspected  immunodeficiency  disease  states  in  children,  the  presence  or  absence 
of  B  lymphocytes  may  be  of  great  diagnostic  value.  The  currently  available  manual 
method  for  detecting  the  ratios  of  B  and  T  lymphocytes  is  a  very  exacting,  time  consum¬ 
ing  procedure  requiring  a  fluorescent  microscope  and  an  expertly  trained  operator.  An 
automated  method  would  provide  rapid  analyses,  more  complete  statistically  significant 
data,  and  unbiased  results.  Such  a  method  to  differentiate  thymic-derived  (T)  and  non- 
thymic-derived  (B)  lymphocytes  has  been  developed  in  our  laboratory.  The  technique 
involves  an  immunofluorescent  determination  of  B  cells  which  have  surface  immunoglob¬ 
ulins  capable  of  reacting  with  a  fluorescein  tagged  anti-immunoglobulin.  The  unstained 
cells  are  T  cells.  The  sample  of  B/T  cells  is  analyzed  by  a  flow  through  fluorometer 
(Cytofluorograf  (CF),  produced  by  BioPhysics  Systems,  Inc.).  The  CF  uses  a  laser  beam 
to  excite  the  stained  cells  to  fluoresce.  Characteristic  wavelengths  of  light  are  emitted 
which  can  be  directed  through  appropriate  filters  to  photomultipliers  to  produce  a  dot 
pattern  on  an  oscilloscope  screen  proportional  to  the  electrical  signals  they  generate. 
From  these  signals  the  ratios  of  B  to  T  lymphocytes  in  a  population  can  be  determined. 
The  procedures  are  still  in  the  developmental  phases;  however,  recent  correlation  studies 
of  the  manual  technique  with  the  CF  results  of  10  subjects  indicate  good  reproducibility 
between  the  instrument  and  the  microscopic  values.  This  procedure  offers  promise  in  re¬ 
placing  the  manual  method  with  an  automated  rapid  one. 

THE  EFFECT  OF  A  MELATONIN- FREE  PINEAL  EXTRACT  ON  SERUM 
ON  PITUITARY  GONADOTROPINS  IN  CASTRATED  RATS  -  R.  J. 
Orts  and  B.  Benson,  The  University  of  Texas  Medical  Branch,  Galveston. 
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An  aqueous  extract  of  bovine  pineal,  glands  was  partially  purified  by  gel-filtration 
on  Sephadex  G-25  to  exclude  protein  and  melatonin.  Further  purification  by  ultrafiltra¬ 
tion  yielded  a  residue  containing  substances  between  500-1000  MW  which  was  then 
tested  for  its  ability  to  inhibit  serum  and  pituitary  LH  in  young  adult  orchidectomized 
rats.  Within  thirty  minutes  after  castration  each  animal  received  the  amount  of  extract 
equivalent  to  624  mg  (wet  weight)  pineal  tissue.  Animals  were  treated  with  the  extract  1, 
2,3  or  4  days  and  autopsied  24  hours  after  the  last  injection.  At  autopsy  sera  and  anterior 
pituitaries  were  collected  and  analyzed  for  LH  by  double  antibody  radioimmunoassay. 

The  extract  significantly  inhibited  the  24  hour  post  castration  rise  in  serum  LH 
from  475  ng/ml  in  saline  treated  controls  to  125  ng/ml  (p<  .01).  Pituitary  LH  content  of 
the  extract-treated  animals  at  this  time  remained  at  the  level  of  intact  animals  whereas  pi¬ 
tuitary  LH  content  was  considerably  reduced  in  control  animals.  Pituitary  LH  concentra¬ 
tion  was  also  increased  in  the  animals  treated  with  pineal  extract  when  compared  with 
control  animals.  After  4  days  of  treatment  with  the  extract,  serum  LH  was  significantly 
reduced  from  155.6  to  53.0  fig/  ml  (p<  .01).  Pituitary  LH  content  and  concentration  were 
also  lower  than  that  of  controls  at  this  time.  The  data  suggest  that  the  melatonin-free 
aqueous  extract  of  bovine  pineal  glands  caused  significant  inhibition  of  LH  synthesis  and 
release  in  orchidectomized  rats. 

Friday  afternoon,  March  16 

CHROMOSOMAL  AND  MITOTIC  DAMAGES  BY  CHLOROQUINE  DIS- 
PHOSPHATE,AN  ANTIMALARIAL  AND  ANTIRHEUMATIC  DRUG,  ON 
CULTURED  HUMAN  CELLS  -  Khwaja  M.  Siddique  and  John  J.  Biesele, 
The  University  of  Texas  at  Austin. 

D98S,  a  normal  human  bone  marrow  cell  line,  was  exposed  to  various  concentra¬ 
tions  (10"6m,  10"'M  and  10^M)  of  chloroquine  diphosphate,  an  antimalarial  and  anti¬ 
rheumatic  drug,  and  incubated  for  various  time  intervals  (12  hrs,  18  hrs  and  24  hrs),  as 
were  control  groups. 

At  each  interval  the  cells  were  taken  out  of  the  Leighton  tubes  and  were  fixed  in 
acetic-alcohol  (1.3)  and  examined  under  a  fluorescence  microscope  equipped  with  an 
HBO  200W  mercury  burner,  exciter  filter  BG12,  and  barrier  filters  50  and  47. 

The  effects  of  chloroquine  diphosphate  varied  with  the  concentrations  and  the  in¬ 
cubation  periods.  At  lower  concentrations  and  with  short  periods  of  incubation,  the  drug 
mainly  affected  the  cytoplasm  and  its  organelles;  whereas,  at  higher  concentrations  and 
prolonged  exposures,  it  had  pronounced  effects  on  the  nuclei  and  chromosomes,  produc¬ 
ing  several  anomalies  in  the  latter. 

At  the  10  EM  concentration  and  24  hrs  incubation,  a  significant  increase  in  irregu¬ 
lar  metapha$es,  decrease  in  full  metaphases,  and  significant  increase  in  clumping  of  nuclei 
were  observed. 

Furthermore,  the  simultaneous  binding  ability  of  chloroquine  with  yellow  fluores¬ 
cing  material,  most  likely  the  deoxyribonucleic  acid  part  of  the  nucleus,  and  with  orange 
fluorescing  material,  most  likely  the  ribonucleic  acid  part  of  the  nucleus,  became  pro¬ 
nounced  at  IQ-^M  and  24  hrs  incubation. 

The  effects  of  chloroquine  diphosphate,  which  were  observed  under  phase  con¬ 
trast  microscope,  included  the  diminution  of  cytoplasm,  cytostome  formation,  auto- 
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phagic  vacuole  formation,  dense  cytoplasmic  granule  formation,  multinucleation,  and 
nuclear  shrinkage. 

The  fluorescence  microscopic  studies  revealed  such  nuclear  damages  as  clumping  in 
nuclei,  and  such  chromosomal  abnormalities  as  an  increase  in  irregular  metaphases,  and  a 
decrease  in  full  metaphases,  anaphases  and  telophases.  Anaphasic  bridging  stickiness,  lag¬ 
gard  chromosomes  and  pseudochiasmata  were  also  observed,  suggesting  that  chloroquine 
diphosphate  could  be  classified  as  a  mitotic  poison.  Therefore,  it  may  have  some  use  in 
tumor  suppression.  Its  general  therapeutic  use  in  malaria  and  arthritis  may  be  illadvised 
especially  in  pregnancy. 

ULTRASTRUCTURAL  PATHOGENESIS  IN  INDUCED  CEREBRAL  IN¬ 
FARCTION  -  Ronald  F.  Dodson  and  Lena  Wai-Fong  Cheung, Baylor  Col¬ 
lege  of  Medicine ,  Waco. 

The  morphological  changes  following  periods  of  ischemic  insult  induced  by  tem¬ 
porarily  occlusion  of  the  middle  cerebral  artery  in  squirrel  monkeys  were  investigated. 

A  transorbital  approach  was  utilized  in  exposing  the  right  middle  cerebral  artery 
which  was  clamped  for  respective  periods  of  two,  three,  four,  or  twenty-four  hours.  The 
Mayfield  clip  was  removed  at  the  end  of  a  respective  time  period  and  the  animals  were 
perfused  with  a  glutaraldehyde/phosphate  system  and  processed  through  standard  pro¬ 
cedures  for  electron  microscopy  evaluation.  The  contralateral  (noninvolved)  hemisphere 
served  as  “control”  for  fixative  evaluation. 

The  morphological  pathogenesis  of  cerebral  infarction  was  divided  into  three 
stages.  The  earliest  detectable  stage  (2  hr.  post  infarction)  is  characterized  by  small  patch¬ 
es  of  perivascular  swelling.  In  this  initial  stage  (State  I)  swelling  occurs  both  extra cellular- 
ily  and  within  the  astrocytic  foot  processes. 

The  second  stage  (three  hr.  post  infarction)  involves  an  extension  of  edematous 
front  from  the  astrocytic  foot  processes  through  the  fibers  and  into  the  astrocytic  peri- 
karya. 

The  final  stage  (Stage  III)  occurs  at  about  24  hours  post-occlusion  and  results  in  an 
overall  cellular  necrosis  and  loss  of  cellular  integrity.  Of  the  cellular  elements,  the  oligo- 
dendroglial  cells  appear  to  be  the  most  morphologically  resistent  cell  type  to  the  edema¬ 
tous  and  ischemic  influence  of  the  hypotensive  insult.  Capillary  integrity  is  maintained 
even  into  this  third  stage  with  neither  lumen  collapse  nor  wall  breakage  being  observed 
until  all  other  formed  elements  have  deteriorated. 

From  a  structural  standpoint,  cerebral  edema  evolves  from  scattered  sites  which 
with  time  spread  spatially  and  eventually  overlap. 

DISTRIBUTION  OF  DENSE  CORED  VESICLES  IN  THE  SPINAL  CORD  - 
Donald  Duncan  and  Ricardo  Morales,  The  University  of  Texas  Medical 
Branch ,  Galveston * 

INSULIN  RELEASE  FROM  THE  ISOLATED  PERFUSED  CHICKEN  PAN¬ 
CREAS  --  D.  L.  King  and  R.  L.  Hazelwood,  University  of  Houston. 

IN  VITRO  INSULIN  RELEASE  FROM  AVIAN  PANCREATIC  PIECES  -  S. 
P.  Naber  and  R.  L.  Hazelwood,  University  of  Houston. 
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FURTHUR  BIOLOGICAL  CHARACTERIZATION  OF  THE  THIRD  PAN¬ 
CREATIC  HORMONE  -  R.  L.  Hazelwood  and  S.  D.  Turner,  University  of 
Houston. 

A  PRELIMINARY  REPORT:  THE  CONSIDERATION  OF  PH  IN  AEROSOL 
THERAPY  OF  THE  TRACHEOBRONCHIAL  TREE  -  Bob  T.  Griffin  and 
Cone  Johnson,  Abilene  Christian  College  and  West  Texas  Medical  Center. 

EGG  YOLK  CHOLESTEROL  DIFFERENCES  IN  A  POPULATION  OF  LEG¬ 
HORN  CHICKENS  -  Dan  L.  Cunningham,  W.  F.  Krueger  and  R.  C.  Fanguy, 
Texas  A  &  M  University,  College  Station. 

THE  EFFECTS  OF  GASEOUS  TREATMENTS  OF  FREONS  AND  GENE- 
TRONS  ON  STAPHYLOCOCCUS  AUREUS  -  Indira  Bhagat  and  Helen 
Oujesky,  Texas  Woman’s  University ,  Denton. 

A  comparative  study  was  conducted  to  determine  the  effects  of  five  Freons  and 
Genetrons  on  coagulase  positive  and  coagulase  negative  strains  of  Staphylococcus  aureus. 
The  results  were  evaluated  on  the  basis  of  the  effects  of  the  gaseous  atmospheres  on  the 
survival  rate  of  the  bacterial  cells  and  the  production  of  certain  metabolites,  such  as 
coagulase,  mannitol  fermenting  enzymes,  gelatinase,  and  deoxyribonuclease. 

There  was  no  appreciable  change  in  the  pH  values  of  the  saline  suspensions  of  bac¬ 
terial  cells  treated  with  the  gases,  except  with  Freon-114.  The  gaseous  treatments  of  the 
coagulase  positive  Giorgio  strain  with  Genetron-152A,  Genetron-23,  and  Freon-12  en¬ 
hanced  the  survival  rcte,  coagulase  production  and  mannitol  fermentation.  Freon-1 14  was 
rather  stimulatory  for  coagulase  production  and  mannitol  fermentation,  but  the  gas  ap¬ 
peared  to  be  slightly  inhibitory  for  the  survival  of  the  Giorgio  strain. 

Treatment  of  the  coagulase  negative-strains  (Guinn  and  ATCC  6020)  with  Gene- 
tron-152A  and  Freon-12  resulted  in  slight  increases  in  survival,  while  Genetron-21 ,  Gene¬ 
tron-23,  and  Freon-114  were  inhibitory.  Genetron-23  was  stimulatory  for  coagulase  pro¬ 
duction,  mannitol  fermentation,  and  survival  of  the  coagulase  positive  cells  of  Giorgio, 
but  this  gas  was  inhibitory  for  the  survival  of  the  coagulase  negative  strains.  The  gas  most 
inhibitory  for  the  survival  of  Staph,  aureus,  regardless  of  coagulase  production,  was  Gene¬ 
tron-21. 

Gaseous  treatments  of  the  microorganisms  with  Freons  and  Genetrons  did  not  ap¬ 
pear  to  alter  significantly  gelatinase  and  deoxyribonuclease  production.  These  results 
indicate  an  apparent  relationship  between  the  number  of  chlorine  and  fluorine  atoms  pre¬ 
sent  in  the  gases  and  certain  characteristics  of  staphylococci. 

MEASUREMENT  OF  MUCOSAL  AND  TOTAL  INTESTINAL  BLOOD 
FLOW  -  David  Mailman,  University  of  Houston. 

RENAL  EXCRETION  OF  SALT  AND  WATER  FOLLOWING  CARDIOVAS¬ 
CULAR  CHANGES  -  David  Jessel  and  David  Mailman,  Univ.  of  Houston. 


INTESTINAL  SALT  AND  WATER  ABSORPTION  FOLLOWING  VOLUME 
EXPANSION  -  Kirk  Jordan  and  David  Mailman,  University  of  Houston. 
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THE  STRUCTURE  OF  THE  CEREBELLUM  OF  THE  NUTRIA  (MYOCAST- 
ER  COYPUS)  -  Larry  W.  Dickerson  and  W.  J.  Dobson,  Southwestern  State 
College,  Weatherford,  Okla.  and  Texas  A  &M  Univ.,  College  Station. 

Friday  Afternoon,  March  16 

SUMMER  SESSION  BIOLOGY  FIELD  TRIPS  -  ORGANIZATION  AND 
EQUIPMENT  -  Kenneth  B.  Williams,  Abilene  Christian  College. 

EFFECTS  OF  SEASONAL  TEMPERATURES  ON  THE  METABOLISM  OF 
BUFO  WOODHOUSEI  --  Milton  Y.  Atebara,/Vor7/z  Texas  State  University, 
Denton. 

Effects  of  acclimation  to  four  seasonally-encountered  temperatures  (10,  15,  20 
and  25  C)  on  acutely  determined  O2  consumption  rates  were  examined  in  the  toad  Bufo 
woodhousei.  “Cold”  -  acclimated  (10,  15  and  20  C)  toads  had  significantly  higher  overall 
metabolic  rates  than  “warm”  -  acclimated  (25  C)  toads.  The  rates  among  “cold”  -  accli¬ 
mated  toads  were  not  significantly  different.  Separation  of  “cold”-  and  “warm”-accli- 
mated  groups’  rate-temperature  curves  indicates  that  there  is  an  acclimation  threshold 
between  20  and  25  C.  Toads  exposed  to  temperatures  at  or  below  20  C  elevate  their  met¬ 
abolic  rates,  whereas  those  exposed  to  temperatures  at  or  above  25  C  depress  their  rates. 
The  pattern  of  acclimation,  Precht  type  3  partial  compensation  at  10,  15  and  20  C,  and 
Precht  type  1  overcompensation  at  25  C,  is  consistent  with  the  toads’  thermal  environ¬ 
ment  and  activity  patterns  in  north  Texas.  Partial  metabolic  compensation  coupled  with 
physiological  and  behavioral  thermoregulation  enables  B.  woodhousei  to  maintain  meta¬ 
bolic  rates  which  are  reasonably  insensitive  to  diurnal  and  seasonal  changes  in  ambient 
temperatures.  Compensation  patterns  in  intact  toads  acclimated  at  10  and  25  C  accord 
with  in  vitro  patterns  demonstrated  in  muscle  tissue  by  Packard  (1973,  Physiol.  Zoo.  45 
(4)310-315). 

INFLUENCE  OF  SEASONAL  TEMPERATURE  ON  THE  METABOLISM  OF 
THE  RUSTY  LIZARD,  SCELOPORUS  OLIVACEOUS  -  Ronald  H.Dutton 
andL.  C.  Fitzpatrick,  North  Texas  State  University,  Denton. 

Seasonal  and  temperature  effects  on  the  metabolism  of  acclimatized  and  accli¬ 
mated  (15,  20,  25  and  30  C)  lizards,  Sceloporus  olivaceus,  were  examined.  Experimental 
or  determination  temperature  significantly  affected  acute  metabolic  rates  in  all  acclima¬ 
tion  and  acclimatization  groups  (F  =  72.44,  df  =  3/164  and  F  =  62.40,  df  =  3/180, re¬ 
spectively).  Thermal  acclimation  in  the  laboratory  significantly  affected  metabolic  rates 
(F  =  21.88,  df  =  3/164).  However,  season  of  collection  or  estimated  previous  thermal 
history  in  the  field  (acclimatization)  did  not  significantly  affect  metabolic  rates  (F  =  1.79, 
df  =  3/180).  Separation  of  the  15  and  20  C  groups’ rate-temperature  (R-T)  curves  from 
those  of  the  25  and  30  C  acclimation  groups’  indicates  that  there  is  an  acclimation 
threshold  between  20  and  25  C.  Separation  of  the  15  C  acclimatization  groups  R-T  curve 
from  the  25  and  30  C  groups  R-T  curves  also  indicates  a  threshold  for  acclimatization. 
Acclimation  above  these  thresholds  results  in  reduction  of  metabolic  rates  and  acclima¬ 
tion  below  results  in  increased  metabolic  rates.  The  acclimation  R-T  curve  and  attendant 
low  Q10  values  suggest  that  S.  olivaceus  can  maintain  partial  thermal  independent  metab- 
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olism  between  the  range  of  20  and  30  C  by  physiological  or  biochemical  means  or  both. 
The  adaptive  value  (energy  conservation)  of  partial  metabolic  compensation  to  tempera¬ 
tures  normally  encountered  by  active  lizards  is  enhanced  by  the  lizard’s  ability  to  behav- 
iorally  thermoregulate.  Combination  of  behavioral  thermoregulation  and  partial  metabo¬ 
lic  compensation  probably  enables  S.  olivaceus  to  maintain  metabolic  rates  which  are 
virtually  independent  of  ambient  temperatures  during  their  active  periods  in  north  Texas. 
The  basic  effects  of  reduced  metabolic  rates  at  high  temperatures  are  increased  energy 
allocation  to  production  and  decreased  time  that  lizards’  must  search  for  food  and  expose 
themselves  to  higher  chances  of  predation. 

REPTILES  OF  THE  ALTO  RIO  AMAZONAS,  PERU  -  James  R.  Dixon,  Tex¬ 
as  A  &M  University,  College  Station. 

DRIFT-FENCE  TRAPPING  OF  HERPTILES  IN  KENEDY  COUNTY  -  Henry 
M.  Smith,  Texas  A  &  I  University,  Kingsville. 

A  drift  fence  with  funnel  traps  was  used  to  encircle  a  pond  in  the  north-west  cor¬ 
ner  of  Kenedy  County.  A  total  of  721  individuals  was  trapped  from  May  of  1972  to  Feb¬ 
ruary  of  1973.  Thirty  species  were  captured  and  of  these,  eleven  were  previously  unre¬ 
corded  for  the  county.  These  eleven  are:  Bufo  valliceps,  Hyla  cinerea,  Hypopachus 
cuneus,  Pseudacris  streckeri,  Rana  pipiens;  Heterodon  nasicus,  Lampropeltis  getulus, 
Natrix  rhomb  if  era;  Cnemidophorus  sexlineatus;  Chrysemys  scripta,  and  Kinosternon 
flavescens.  Rana  pipiens,  Thamnophis  proximus,  Chrysemys  scripta  elegans,  and  Cnemi¬ 
dophorus  gularis  were  the  most  abundant  species  caught,  constituting  64.6,  7.8,  6.1,  and 
4.7  percent  of  the  total,  respectively.  The  main  activity  period  of  Rana  pipiens  extended 
from  1800  to  0600,  reaching  a  peak  at  2200.  Thamnophis  proximus  gradually  increased 
activity  from  0600  to  1400,  afterwhich  there  was  a  slow  decline  until  0600  the  next 
morning.  Chrysemys  exhibited  a  rapid  rise  in  activity  from  0600  to  1000.  After  1000 
there  was  a  gradual  decline  in  activity  until  a  low  was  reached  at  0200  and  maintained 
until  0600.  Cnemidophorus  gularis  remained  inactive  until  1400,  at  which  time  they 
reached  their  peak.  A  very  rapid  decline  was  noted  after  1800,  until  a  low  was  reached  at 
0200.  Precipitation  appeared  to  be  the  main  factor  in  the  movements  of  the  frogs  and 
Chrysemys.  Destruction  of  habitat  by  livestock  caused  herptiles  to  leave  the  pond  area. 
This  research  was  supported  by  the  Rob  and  Bessie  Welder  Wildlife  Foundation  of  Sin- 
ton,  Texas. 

NESTING  AND  REPRODUCTION  OF  BLACK  SKIMMERS  (RYNCHOPS 
NIGRA)  ON  FOUR  SPOIL  ISLANDS  IN  THE  LAGUNA  MADRE.  TEXAS 
-  John  DePue,  Texas  A  &  I  University,  Kingsville. 

During  the  spring  and  summer  of  1972  surveys  were  made  of  black  skimmer  nest¬ 
ing  colonies  on  four  small  spoil  islands  in  the  Laguna  Madre  to  determine  patterns  ot 
nesting  success.  The  islands  are  located  adjacent  to  the  Intra coastal  Canal  about  28  miles 
south  of  Corpus  Christi  Bay. 

Egg  laying  began  in  late  April  and  was  completed  in  mid-August  alter  initial  nest¬ 
ing  efforts  were  destroyed  by  high  tides  in  early  May.  The  peak  of  nesting  occurred  in  the 
first  week  of  June.  During  the  entire  season  there  were  241  nesting  etforts  on  the  tour  is¬ 
lands.  Of  the  731  eggs  laid,  247,  or  about  34  percent,  hatched.  An  estimated  95  young, 
or  38  percent  of  those  that  hatched,  survived  to  fledge.  Preliminary  results  seemed  to  in- 
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dicate  that  human  activity  on  the  islands,  predation  of  eggs  by  gulls,  and  possibly  the  kill¬ 
ing  of  young  by  fire  ants  were  major  detrimental  influences  on  reproductive  success. 

The  success  of  two  colonies  relatively  isolated  from  human  activity  on  the  islands 
was  considerably  higher  than  for  the  average  of  all  nesting  efforts  combined.  One  of  these 
colonies,  involving  40  nests  with  130  eggs,  showed  a  hatching  success  of  62  percent,  with 
44  percent  of  the  young  fledging.  The  other  isolated  colony  had  14  nests  with  47  eggs. 
Fifty-five  percent  of  the  eggs  hatched  and  an  estimated  65  percent  of  the  young  fledged. 

TERRITORIAL  BEHAVIOR  OF  THE  PLAINS  POCKET  GOPHER  (GE- 
OMYS  BURSARIUS)  -  Wayne  C.  Faatz,  Texas  A  &  M  University ,  College 
Station. 

FAWN  LOCATION:  BEHAVIORAL  INTERACTIONS  BETWEEN  THE  DOE 
AND  FAWN  -  Wayne  C.  Faatz,  Texas  A  &  M  University,  College  Station. 

VARIATION  IN  LITTER  SIZE  IN  SIGMODON  HISPID  US  »  Arthur  G.  Cleve¬ 
land  and  Gerald  G.  Raun,  Texas  Wesleyan  College,  Fort  Worth,  md  Angelo 
State  University,  San  Angelo. 

INTERACTION  OF  SIX  RODENT  SPECIES  WITH  P.  LEUCOPUS  IN  KLE¬ 
BERG  COUNTY,  TEXAS  -  Mary  Wright,  Texas  A  &  I  Univ.,  Kingsville. 
From  November  1969  to  February  1973  a  rodent  community  has  been  studied  on 
a  5.8  ac  plot  in  Kleberg  County,  Texas.  One  population  of  rodents  Sigmodon  hispidus 
Baird  increased  in  numbers  from  29  individuals  trapped  during  the  first  year,  51  in  the 
second  year,  to  491  in  the  third  year.  The  population  began  to  increase  beginning  in 
March,  1972  (20  individuals),  reached  an  asymptote  in  October,  1972  (142  individuals), 
and  then  crashed  in  February,  1973  (6  individuals).  The  Sigmodon  population  was  asso¬ 
ciated  with  an  area  of  thick  St.  Augustine  grass  and  an  area  of  Mesquites,  Hackberrys, 
various  grasses,  and  forbs.  With  the  increase  in  numbers  the  third  year;  however,  the  pop¬ 
ulation  expanded  into  areas  of  other  vegetational  types  that  were  not  utilized  previously. 

INTRINSIC  AND  EXTRINSIC  FACTORS  THAT  AFFECT  A  PEROMYSCUS 
LEUCOPUS  TEXANUS  (WOODHOUSE)  POPULATION  IN  KLEBERG 
COUNTY,  TEXAS  --  Mary  Josephine  Smith,  Texas  A  &  I  Univ.,  Kingsville. 
Four  hundred  nine  Peromyscus  leucopus  texanus  fWoodhouse)  were  toe-clipped 
throughout  a  40  month  study  of  a  small  rodent  population  in  Kleberg  County,  Texas. 
The  average  life  span  for  P.  leucopus  was  6  months,  however,  there  were  some  that  lived 
for  9  months  or  more.  The  lifetime  home  range  for  males  was  calculated  at  .77  ac  with 
the  breeding  and  nonbreeding  home  ranges  almost  equal  in  size.  The  lifetime  home  range 
for  females  was  calculated  at  .79  ac  but  females  were  more  restricted  during  nonbreeding 
than  during  breeding.  P.  1.  texanus  was  found  in  association  with  areas  of  moderate  to 
dense  covers  of  large  woody  species  (Mesquite,  False  Willow  and  Salt  Cedar)  and  mod¬ 
erate  amounts  of  ground  cover  rather  than  dense  ground  cover  and  sparse  woody  species. 


AN  EVALUATION  OF  INVADING  AND  RESIDENT  RODENT  POPULA¬ 
TIONS,  USING  SIGMODON  HISPIDUS  AS  A  MODEL  -  James  Joule,  Uni- 
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versify  of  Houston. 

Friday  Afternoon,  March  16 

DISTRIBUTION,  ECOLOGY,  AND  LIFE  HISTORY  OF  SELECTED  MYO- 
DOCOPID  OSTRACODS  FROM  THE  SOUTHERN  CALIFORNIA  MAIN¬ 
LAND  SHELF  -  James  H.  Baker,  University  of  Houston. 

Myodocopids  occur  in  large  numbers  in  the  benthos  and  plankton  and  most  prob¬ 
ably  form  an  important  part  of  the  trophic  structure  in  these  environments.  Of  almost 
200  publications  dealing  with  the  ecolbgy  of  marine  ostracods  throughout  the  world,  8% 
dealt  with  the  Myodocopina,  17%. with  both  the  Podocopida  and  Myodocopida,  and  the 
remainder  or  75%  with  the  Podocopida  and  Qadocopina.  The  reason  for  this  concentra¬ 
tion  on  the  Podocopida  is  that  podocopids  are  more  readily  preserved  and  thus  are  more 
important  as  stratigraphic  and  paleoecological  indicators  and  therefore  more  commonly 
studied.  Of  the  ecological  studies  on  Myodocopina,  only  three  have  been  conducted  along 
the  Pacific  coast  of  North  America.  Thus,  few  studies  have  been  concerned  with  the  ecol¬ 
ogy  and  life  history  of  myodocopids  and  this  plan  of  research  is  an  attempt  to  resolve  this 
problem. 

Between  1956  and  1960,  the  Allan  Hancock  Foundation,  University  of  Southern 
California,  conducted  an  oceanographic  survey  in  order  to  determine  the  “natural  en¬ 
vironmental  characteristics  of  the  continental  shelf  area  of  southern  California.”  A  total 
of  1,498  stations  were  occupied  in  the  area  from  Point  Conception  to  the  Mexican  border 
and  extending  seaward  to  the  100  meter  contour.  Stations  were  chosen  at  two  mile  inter¬ 
vals  and  one  or  more  of  the  following  data  were  collected,  measured,  or  determined  for 
each  station;  depth,  temperature,  salinity,  dissolved  oxygen,  water  density,  water  trans¬ 
parency,  phosphate,  silicate,  water  and  sediment  pH,  median  diameter  and  sorting  co¬ 
efficients  of  the  sediment,  percent  calcium  carbonate,  percent  organic  nitrogen,  sediment 
type,  plankton  tows,  and  grab  samples.  Each  area  was  sampled  several  times  a  year  and 
not  all  areas  were  sampled  during  the  same  cruise,  but  with  two  exceptions,  October, 
1959,  and  April,  1960,  when  the  entire  study  area  was  sampled. 

The  ostracods  were  sorted  according  to  species,  sex,  age,  and  presence  of  eggs,  food 
in  gut,  parasites  or  commensals.  Approximately  33,700  myodocopids  representing  25 
species  of  11  genera  from  491  stations  were  sorted  and  counted.  Six  of  the  myodocopids 
are  new  species.  Four  podocopid  species  of  four  separate  genera  were  also  represented  by 
31  individuals.  Almost  60%  of  the  ostracod  species  occurred  at  less  than  10%  of  the  491 
stations  and  only  4%  occurred  at  greater  than  50%  of  the  stations.  Euphilomedes  pro- 
ducta  comprised  over  50%  of  the  total  number  of  individuals  and  along  with  E.  carcharo- 
donta  both  embraced  over  75%  of  the  total  number  of  individuals  counted. 

Recurrent  groups  analysis  separated  the  myodocopid  fauna  into  two  groups.  The 
first  consisted  of  four  abundant  and  widely  occurring  species  apparently  of  northern  ori¬ 
gins,  found  primarily  at  depths  below  100  ft.,  and  appeared  to  be  reproductive  the  entire 
year.  The  second  group  was  comprised  of  three  species  of  apparent  southern  origins 
which  was  found  at  depths  less  than  100  ft.  Species  of  the  first  recurrent  group  were  fur¬ 
ther  examined  by  multiple  regression  analysis  and  tested  for  dominance,  concordance, 
and  correlation.  The  physical  and  chemical  parameters  measured  or  determined  in  this 
investigation  were  found  to  have  little  effect  upon  the  variation  in  numbers  of  individuals. 
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Each  species  appeared  to  share  the  same  general  environment  but  preferred  different 
microhabitats.  Three  of  the  species  were  determined  to  be  detritovores. 

Both  copepod  and  isopod  parasites  were  found  and  appeared  to  have  the  same  re¬ 
productive  period  as  their  host.  Large  numbers  of  protozoans  were  found  upon  the  exter¬ 
nal  surface  of  the  carapace  of  several  ostracods  and  seemed  to  be  commensalistic  with 
them.  For  the  first  time  a  colonial  hydrozoan  was  also  found  to  occur  on  the  external 
surface  of  the  carapace  of  several  myodocopids  and  its  relationship  to  the  ostracods  is 
believed  to  be  commensalistic. 

THE  MYSIDACEA  OF  GALVESTON  ISLAND  -  Wayne  Price,  Texas  A&M 
University,  College  Station. 

Mysidacea  were  collected  from  the  West  Bay  near-shore  area  and  the  seaside  beach 
of  Galveston  Island  at  monthly  intervals  from  February,  1971  through  January,  1972. 
Samples  were  made  with  a  5-foot  beam  trawl  with  netting  of  50  openings  per  cm^  and 
with  a  No.  1  mesh  plankton  net  with  a  removable  bucket  tied  over  the  cod  end  of  the 
net.  The  beam  trawl  was  pulled  by  hand  through  the  water  for  a  distance  of  30  m  at  each 
station. 

About  60,000  specimens  were  collected  and  identified.  Because  the  determina¬ 
tions  were  difficult,  the  key  taxonomic  characters  were  described  for  each  mysid  species. 
The  relative  abundance  of  each  of  the  seven  species  was  given  in  order  of  descending 
abundance. 

Mysidopsis  almyra  Bowman  was  the  most  abundant  species  collected  throughout 
the  study,  and  was  found  in  salinities  ranging  from  1.3  to  40.0ppt. 

Mysidopsis  bahia  Molenock  was  collected  in  fairly  large  abundances  in  salinities 
ranging  from  18.4  to  37.8ppt. 

Metamysidopsis  swifti  Bacescu  was  taken  mainly  in  the  surf  zone  of  the  seaside 
beach  in  salinities  ranging  from  26.1  to  35.1ppt. 

Mysidopsis  bigelowi  Tattersall  was  taken  in  salinities  ranging  from  19.4  to  29.7ppt. 

A  few  specimens  of  Brasilomysis  castroi  Bacescu  were  collected  in  salinities  rang¬ 
ing  from  28.1  to  33.5ppt. 

Four  specimens  of  Pro  my  sis  atlantica  Tattersall  were  collected  in  salinities  ranging 
from  24.3  to  33.5ppt.  This  is  the  first  report  of  this  species  from  Texas  waters. 

One  specimen  of  Bowmaniella  brasiliensis  Bacescu  was  taken  in  a  salinity  of  23.2 

ppt. 

ABSORPTION  OF  AMINO  ACIDS  AND  MONOSACCHARIDES  BY  THE  DI¬ 
GESTIVE  GLAND  OF  THE  SHRIMP,  PENAEUS  AZTECAS  -  Barbara 
Carr  and  Addison  L.  Lawrence,  University  of  Houston. 

An  in  vitro  tissue  accumulation  technique  was  used  to  study  the  absorption  of  L- 
valine,  D -glucose  and  D-mannitol  by  the  mid-gut  gland  of  the  shrimp,  Penaeus  aztecus. 
Evidence  was  found  for  the  active  transport  of  L-valine  but  not  for  D-glucose  or  D-manni¬ 
tol.  Further,  L-valine  and  D-glucose  but  not  D-mannitol  were  accumulated  in  significant 
amounts  into  the  ethanol  insoluble  fraction  of  the  tissue  indicating  that  L-valine  andD- 
mannitol  are  anabolized. 

The  active  transport  of  L-valine  was  indicated  by  the  following:  (1)  significant 
differences  between  the  accumulation  rates  into  the  ethanol  soluble  fraction  of  L-valine 
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and  D-mannitol  at  several  initial  ambient  concentrations  (D-mannitol  is  a  sugar  not 
known  to  be  actively  transported  by  animal  guts),  (2)  the  inhibition  of  L-valine  accumu¬ 
lation  by  anaerobic  conditions,  (3)  the  almost  total  recovery  of  L-valine  in  a  chemically 
unaltered  form,  (4)  the  competitive  inhibition  of  the  rate  of  accumulation  of  L-valine  by 
another  naturally  occurring  amino  acid  (L-leucine)  and  (5)  the  demonstration  of  first  and 
zero  order  kinetics  for  the  accumulation  of  L-valine. 

ARE  BACTERIA  NUTRITIONALLY  IMPORTANT  TO  POSTLARVAE  OF 

THE  OYSTER,  CRASSQSTERA  GIGA  SI-  George  Schulte  and  Addison  L. 
Lawrence,  University  of  Houston. 

Postlarvae  of  the  oyster,  Crassostrea  gigas,  were  incubated  in  artificial  sea  water 
containing  identical  concentrations  each  of  either  D-glucose  and  D-mannitol  or  L-glucose 
and  D-mannitol.  Also,  some  incubation  flasks  contained  oxytetracy cline  and  neomycin. 
Absorption  (ethanol  soluble)  and  metabolism  (ethanol  insoluble)  of  the  test  compounds 
were  determined  using  radioisotopic  methods. 

The  ability  of  the  postlarvae  of  C.  gigas  to  actively  absorb  dissolved  D-glucose  has 
previously  been  reported  while  no  evidence  has  been  found  that  the  postlarvae  can  active¬ 
ly  take  up  L-glucose.  Assuming  that  L-glucose  cannot  be  metabolized  by  animals  and  very 
little,  if  any,  L-glucose  can  be  metabolized  by  bacteria,  the  postlarvae  must  take  up  L- 
glucose  primarily,  if  not  only,  by  passive  diffusion.  The  total  uptake  of  D-mannitol  (etha¬ 
nol  soluble  plus  ethanol  insoluble)  was  significantly  greater  than  the  total  uptake  of  L- 
glucose  under  the  same  conditions.  This  suggested  that  the  mechanism  for  the  uptake  of 
D-mannitol  was  not  passive  diffusion  alone.  The  addition  of  antibiotics  reduced  the  bac¬ 
teria  present  in  the  sea  water  by  99.9%  as  well  as  the  total  absorption  of  both  D-glucose 
and  D-mannitol.  The  total  uptake  of  D-mannitol  now  approached  the  total  uptake  of  L- 
glucose.  Though  significantly  reduced,  the  total  uptake  of  D-glucose  was  still  significant¬ 
ly  higher  than  D-mannitol  as  would  be  expected  since  the  postlarvae  can  actively  absorb 
D-glucose.  These  data  suggested  that  bacteria  were  playing  a  role  in  that  uptake  of  D- 
mannitol  not  accounted  for  by  passive  diffusion.  The  ethanol  soluble  as  well  as  insoluble 
values  for  D-mannitol  were  significantly  greater  than  the  respective  values  for  L-glucose. 
These  data  indicated  that  not  only  was  D-mannitol  absorbed  faster  than  L-glucose  but 
that  it  was  apparently  being  metabolized  by  the  postlarvae.  Assuming  that  animals  cannot 
metabolize  D-mannitol  while  bacteria  can,  the  most  feasible  explanation  of  these  data  is 
that  D-mannitol  was  absorbed  and  metabolized  by  bacteria  which  in  turn  were  ingested 
by  oyster  postlarvae.  The  implication  is  that  bacteria  may  very  well  form  an  important 
source  of  nutrition  for  developing  bivalves  and  marine  invertebrates  in  general.  (Support¬ 
ed  in  part  by  N.S.F.  training  grant  GZ-2146  proposal  1/230-3911). 

OSMOTIC  REGULATION  IN  THE  POSTLARVAE  OF  THE  BROWN 
SHRIMP,  PENAEUS  AZTECUS  --  Frank  Castille  and  Addison  L.  Lawrence, 
University  of  Houston. 

The  effect  of  salinity  on  the  uptake  of  D-glucose  and  D-mannitol  by  three  day 
postlarvae  of  the  brown  shrimp,  Penaeus  aztecus,  was  examined  by  incubating  the  larval 
shrimp  in  the  presence  of  radioactive  glucose  and  mannitol  at  salinities  of  6,  12  and 
24°/oo.  The  ratios  of  terminal  tissue  concentrations  to  ambient  concentrations,  and  up¬ 
takes  into  ethanol  soluble  and  ethanol  insoluble  pools  were  measured.  Terminal  tissue  to 
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ambient  concentration  ratios  are  significantly  greater  than  one,  and  indicate  the  involve¬ 
ment  of  a  physiological  mechanism  in  the  shrimp.  Reduced  salinities  significantly  de¬ 
creases  glucose  and  mannitol  uptake.  D-glucose  and  D-mannitol  uptakes  into  both  the 
ethanol  soluble  and  ethanol  insoluble  compartments  are  not  significantly  different.  Since 
data  in  the  literature  indicates  that  bacteria  but  not  animals  can  metabolize  D-mannitol, 
these  results  suggest  that  bacteria  are  involved  in  the  utilization  of  dissolved  organics  in 
sea  water  by  developing  shrimp.  Further,  this  bacterial  involvement  is  reduced  by  de¬ 
creased  salinity. 

EFFECT  OF  ANTIBIOTICS  ON  THE  RESPIRATION  OF  THE  POST¬ 
LARVAE  OF  THE  BROWN  SHRIMP,  PENAEUS  AZTECUS  ~  Eva  Chan 
and  Addison  L.  Lawrence,  University  of  Houston. 

Respiration  rates  of  the  postlarvae  of  brown  shrimp  (P.  aztecus )  were  measured  in 
the  presence  and  absence  of  antibiotics.  Antibiotics  and  combinations  of  antibiotics  were 
also  tested  for  effectiveness  in  controlling  bacterial  infection  in  brown  shrimp. 

Results  indicate  that  a  combination  of  oxytetracycline  and  oleandomycin  did  not 
significantly  depress  the  respiration  of  brown  shrimp  postlarvae  over  a  period  of  21-24 
hours.  This  combination  ranged  in  effectiveness  from  bacteriostatic  to  greater  than  99% 
bacteriocidal,  dependent  upon  the  dosage  added. 

CONTRIBUTION  OF  D-GLUCOSE  TO  RESPIRATION  IN  POST  LARVAE 
OF  BROWN  SHRIMP,  PENAEUS  AZTECUS  -  Michael  Hightower  and 
Addison  L.  Lawrence,  University  of  Houston. 

Respiration  rates  for  3,  5,  11  and  13  day  postlarval  stages  of  the  brown  shrimp 
were  determined.  There  were  no  significant  differences  between  rates  for  these  different 
stages.  The  addition  of  the  antibiotics  neomycin  and  oxytetracycline  did  not  significantly 
alter  the  respiration  rates  in  experiments  with  11  and  13  day  postlarvae.  Carbon  dioxide 
from  U-I^C-D-glucose  in  the  incubation  medium  was  collected  over  a  period  of  6  hours, 
in  the  experiments  with  11  and  13  day  postlarvae.  Both  the  amount  of  labeled  glucose 
appearing  as  CO2,  and  the  percent  contribution  of  this  to  the  total  CO2  production,  were 
compared  for  animals  incubated  with  and  without  the  antibiotics. 

ABSORPTION  OF  AMINO  ACIDS  BY  THE  MID-GUT  OF  THE  BROWN 
SHRIMP,  PENAEUS  AZTECUS  --  Pamela  Morgan  and  Addison  L.  Law¬ 
rence,  University  of  Houston. 

The  absorptive  ability  of  the  mid-gut  of  Penaeus  aztecus  was  studied  to  determine 
its  role,  if  any,  in  the  shrimp’s  nutrition.  Tissue  accumulation  techniques  were  employed, 
whereby  mid-guts  from  starved  shrimp  were  incubated  for  30  minutes  in  equimolar  con¬ 
centrations  (0.001  jUmole/ml  and  0.1  jUmole/ml)  of  L-valine  and  D-mannitol.  At  all  con¬ 
centrations  studied  L-valine  was  absorbed  by  the  mid-gut  tissue  at  a  significantly  greater 
rate  than  D-mannitol,  and  L-valine  was  accumulated  against  an  apparent  concentration 
gradient.  These  two  phenomena,  specificity  and  movement  against  an  apparent  concen¬ 
tration  gradient,  are  suggestive  of  a  mid-gut  active  transport  mechanism  for  L-valine. 
Little  work  has  been  done  on  the  relative  uptake  of  organic  nutrients  by  the  mid-gut  in 
contrast  to  the  digestive  gland.  While  the  results  given  here  indicate  the  mid-gut’s  ability 
to  absorb  organic  nutrients,  the  extent  of  the  mid-gut’s  contribution  to  the  total  animal 
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nutrition  has  not  been  documented. 

ABSORPTION  OF  MONOSACCHARIDES  BY  THE  GUT  OF  THE  ECHIU- 
ROID,  URECHUS  CAUPO  -  Joan  Wu  and  Addison  L.  Lawrence,  University 
of  Houston. 

The  absorption  of  monosaccharides  by  the  gut  of  Urechus  caupo  was  studiedusing 
the  in  vitro  everted  sac  technique,  D-glucose  and  D-galactose  were  absorbed  against  an 
apparent  concentration  gradient  in  that  a  net  serosal  accumulation  and  a  terminal  S/M 
ratio  (serosal  monosaccharide  concentration/mucosal  monosaccharide  concentration)  of 
greater  than  one  were  obtained  for  each  of  these  monosaccharides.  The  initial  concentra¬ 
tion  of  D-glucose  or  D-galactose  in  the  serosal  and  mucosal  compartments  was  1.0  X  10"9 
or  1.0  X  10"6  moles/ml.  D-mannitol  and  3-0-methyl-D-glucose  were  not  absorbed  against 
an  apparent  concentration  gradient  since  a  net  serosal  accumulation  and  an  S/M  ratio 
greater  than  one  were  not  obtained  when  equal  concentrations  (1.0  X  10‘9,  1.0  X  10-^  or 
1.0  X  10"6  moles/ml)  initially  were  present  in  both  the  serosal  and  mucosal  compart¬ 
ments.  These  data  suggest  that  D-glucose  and  D-galactose  but  not  D-mannitol  or  3-0- 
methyl-D-glucose  are  absorbed  by  an  active  transport  mechanism.  However,  anaerobic 
conditions,  which  inhibit  the  production  of  metabolic  energy  via  oxidative  pathways,  did 
not  inhibit  the  absorption  of  D-glucose  or  D-galactose.  This  suggests  that  an  energy-pro¬ 
ducing  process  independent  of  oxidative  processes  supplies  the  metabolic  energy  for  this 
carrier-mediated  mechanism.  Also,  evidence  for  the  anabolism  of  D-glucose  but  not  D- 
mannitol,  D-galactose  or  3-0-methyl-D-glucose  by  the  gut  of  U.  caupo  was  obtained. 
Further,  no  net  movement  of  water  across  the  gut  was  observed. 

EFFECT  OF  STARVATION  AND  FEEDING  ON  CARBOHYDRATE  AND 
LIPID  LEVELS  IN  THE  BLOOD  OF  THE  CHITON,  CRYPTOCHITON 
STELLERI  -  Addison  L.  Lawrence,  John  M.  Lawrence  and  A.  C.  Giese, 
University  of  Houston. 

Total  lipid,  D-glucose,  reducing  sugar  and  total  carbohydrate  contents  of  the 
blood  of  Cryptochiton  stelleri  were  determined  in  field  animals  (animals  collected  from 
the  field  and  sampled  within'  one  day),  starved  animals  (animals  collected  from  the  field 
and  sampled  after  they  had  been  starved  for  94  to  171  days)  and  fed  animals  (animals 
collected  from  the  field  and  sampled  after  they  had  been  starved  for  94  days  and  then  fed 
either  the  green  algae,  Iridaea,  brown  algae,  Macrocystis,  or  red  calcareous  algae, 
Calliarthron,  for  the  succeeding  77  days).  There  were  no  significant  differences  in  the 
total  lipid  levels  between  any  of  the  field,  starved  or  fed  groups.  The  total  lipid  level 
ranged  from  12  to  18  mg/100  ml  blood.  The  blood  D-glucose,  reducing  sugar  and  total 
carbohydrate  levels  ranged  from  0.09  to  0.05,  0.22  to  0.17  and  1.00  to  0.38  jUmole/ml 
blood  respectively  in  the  3  groups  of  field  animals  collected  on  November  28,  Febru¬ 
ary  22  and  April  17.  These  data  indicate  that  C.  stelleri  blood  contains  a  non-reducing 
sugar  (since  the  total  carbohydrate  levels  are  always  significantly  greater  than  reducing 
sugar  levels)  and  at  least  two  different  reducing  sugars  (since  the  reducing  sugar  levels  are 
always  significantly  greater  than  D-glucose  levels).  Starvation  for  94  days  did  not  signif¬ 
icantly  reduce  the  D^lucose  levels  (0.05  //mole/ml)  below  the  field  groups  whereas  the 
reducing  sugar  (0.08/jUmoles/ml)  and  total  carbohydrate  (0.24  jUmoles/ml)  levels  were 
significantly  reduced  as  compared  to  the  field  animals.  Starvation  of  171  days  did  not 
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significantly  reduce  the  D-glucose  or  reducing  sugar  levels  below  that  of  the  animals 
starved  for  94  days  whereas  the  total  carbohydrate  level  (0.15  jUmole/ml)  was  significant¬ 
ly  reduced  as  compared  to  the  animals  starved  for  94  days.  The  levels  of  D-glucose, reduc¬ 
ing  sugar  and  total  carbohydrate  in  the  groups  starved  for  94  days  and  fed  77  days  with 
Calliarthron  or  Macrocystis  were  not  significantly  different  from  those  animals  starved 
for  171  days.  The  animals  fed  Iridaea  for  77  days  after  being  starved  for  94  days  had  sig¬ 
nificantly  higher  reducing  sugar  (0.21  jUmoles/ml)  and  total  carbohydrate  (0.47  jltmoles/ 
ml)  levels  as  compared  to  animals  starved  for  94  or  171  days.  There  were  no  significant 
differences  between  the  D-glucose  levels  of  any  of  these  three  groups.  These  data  suggest 
that  the  variation  in  the  reducing  sugar  and  total  carbohydrate  levels  in  the  blood  of  C. 
stelleri  collected  from  the  field  might  be  at  least  in  part  due  to  seasonal  variations  in  the 
amount  and/or  type  of  food  available  to  these  animals  in  their  natural  environment.  Fur¬ 
ther,  the  data  suggests  that  the  non-reducing  sugar  (which  is  probably  trehalose)  present 
in  the  blood  of  C.  stelleri  and  not  the  reducing  sugars  is  functionally  analogous  to  D- 
glucose  of  vertebrate  blood. 

FINE  STRUCTURAL  ASPECTS  OF  CRUSTACEAN  OOGENESIS  -  Fredrick 
Hill,  University  of  Houston. 

HISTOLOGICAL  AND  FINE  STRUCTURE  STUDIES  ON  THE  MALE  RE¬ 
PRODUCTIVE  ORGANS  OF  CRUSTACEA  -  Cheryle  Lu,  University  of 
Houston. 

ULTRASTRUCTURE  OF  THE  PENETRATION  GLAND  CELL  OF  SCHIS¬ 
TOSOMA  MANSONI  CERCARIAE  -  Walter  M.  Kemp,  Abilene  C  C. 

Saturday  Morning,  March  17 

THE  USE  OF  ARTIFICIAL  RESERVOIRS  IN  TEXAS  FOR  POWER  PLANT 
COOLING  --  John  E.  Tilton,  Texas  Electric  Service  Company. 

SOME  RELATIONSHIPS  BETWEEN  A  THERMAL  DISCHARGE,  ALTER¬ 
NATING  HIGH  AND  LOW  SALINITY,  AND  NEKTON  CONCENTRA¬ 
TIONS  IN  AN  ESTUARINE  AREA  -  Steve  James,  TRACOR,  Inc. 

THE  GROWTH  OF  FISHES  IN  CAGES  UTILIZING  POWER  PLANT  EF¬ 
FLUENTS  -  Paul  C.  Hammerschmidt  and  R.  K.  Strawn,  Texas  A  &  M. 

THE  GROWTH,  SURVIVAL,  AND  FEEDING  BEHAVIOR  OF  RED  DRUM 
(SCIAENOPS  OCELLA  TA  LINNAEUS)  IN  PONDS  RECEIVING  HEATED 
POWER  PLANT  DISCHARGE  WATER  -  Richard  W.  Luebke  and  Kirk 
Strawn,  Texas  A  &  M  University. 

THE  EFFECTS  OF  A  BY-PASS  CANAL  UPON  THE  MARINE  ANIMALS 
OCCURRING  IN  COOLING  CANAL  SYSTEM  OF  THE  P.  H.  ROBINSON 
GENERATING  STATION  -  Johnny  D.  French,  Texas  A  &M,  University. 

AN  EVALUATION  OF  THE  CHLOROPHYLL  METHOD  FOR  MEASURING 
PHYTOPLANKTON  STANDING  CROP  -  Tom  Eurell  and  Ken  Fucik, 
Texas  A  &  M  University. 
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NET  PLANKTON  POPULATIONS  OF  EAGLE  MOUNTAIN  LAKE,  TAR¬ 
RANT  COUNTY,  AND  POSSUM  KINGDOM  LAKE,  PALO  PINTO 
COUNTY,  TEXAS  --  John  M.  Pettitt,  Texas  Christian  Univ. ,  Fort  Worth. 

The  seasonal  variation  (quantitatively  and  qualitatively)  of  net  plankton  was  ob¬ 
served  from  Eagle  Mountain  Lake,  Tarrant  County,  and  Possum  Kingdom  Lake,  Palo 
Pinto  County,  Texas.  The  study  period  was  from  October,  1970,  through  October,  1971. 

The  phytoplankton  density  of  the  two  lakes  was  highest  during  April  and  June, 
1971,  with  Eagle  Mountain  Lake  having  a  consistently  higher  density.  Representatives  of 
the  Chlorophyta  were  the  most  dense  and  the  most  diverse  of  the  phytoplankters  from 
both  lakes.  Pedia strum  simplex,  Staurastrum  sp.,  Ulothrix  sp.,  Cymbella  sp.,  Ceratium 
hirundinella,  Navicula  sp.,  Anabaena  sp.,  and  Euglena  acus  were  among  those  species 
collected  the  most  frequently. 

Zooplankton  density  was  usually  higher  in  Eagle  Mountain  Lake.  Both  lakes 
reached  a  maximum  density  in  June,  1971 ,  as  a  result  of  the  Rotifera  reaching  their  max¬ 
imum  density.  Keratella  cochlearis,  Synchaeta  sp.,  Boxmina  longirostris,  Daphnia  longis- 
pina,  Cyclops  bicuspidatus  thomasii,  Brachionus  angularis,  and  Difflugia  sp.  were  among 
the  most  frequently  collected  zooplankters. 

Concentrations  from  Eagle  Mountain  Lake  were  usually  higher  than  Possum  King¬ 
dom  Lake  in  density  of  all  major  phyla  and  divisions.  Frequency  of  occurrence  and  den¬ 
sities  of  individual  species  of  Pediastrum  simplex,  Ulothrix  sp.,  Peridinium  sp.,  Boxmina 
longirostris,  Asplanchna  sp.,  Actinosphaerium  sp.,  and  Euglena  sp.,  were  higher  in  Eagle 
Mountain  Lake.  Frequency  of  occurrence  and  densities  of  individual  species  of  Brachi¬ 
onus  angularis,  Keratella  cochlearis,  Ceratium  hirundinella,  and  Daphia  longispina  were 
higher  in  Possum  Kingdom  Lake.. 

PRELIMINARY  LIMNOLOGICAL  INVESTIGATIONS  OF  LAKE  SKADAR, 
YUGOSLAVIA  -  John  0.  Mecom,  Southern  Methodist  Univ.,  Dallas. 

INFLUENCE  OF  SEASONAL  TEMPERATURES  ON  THE  ENERGY  ME¬ 
TABOLISM  OF  HELLGRAMMITES,  CORYDALUS  CORNUTUS  -  Ar¬ 
thur  V.  Brown  and  Lloyd  C.  Fitzpatrick,  N.T.S.U.  Denton. 

Effects  of  acclimatization  to  three  seasonal  temperatures  (2,  10,  and  25 C)  on 
acutely  determined  O2  consumption  rates  were  examined  in  the  predaceous  aquatic 
insect  larvae,  Corydalus  cornutus.  Summer  acclimatized  (25  C)  larvae  had  significantly 
lower  metabolic  rates  than  winter  acclimatized  (2  C)  larvae  at  each  common  experimen¬ 
tal  temperature  (10,  15,  20  and  25  C),  while  10  C-collected  animals  had  intermediate 
rates.  This  pattern  indicates  Precht  Type  3  partial  compensation.  Generally,  Qjq  values 
for  acutely  determined  O2  consumption  rates  were  in  the  two  to  three  range  as  predicted 
by  van’t  Hoff’s  rule.  The  Qjo  between  2  and  5  C  for  winter  (2  C)  acclimatized  larvae  was 
69.4.  The  Qjq  between  rates  of  2  C  acclimatized  larvae  measured  at  2  C  and  those  of  the 
10  C-acclimatized  larvae  measured  at  10  C  was  9.7,  which  suggests  that  winter  acclimatiz¬ 
ed  larvae  maysshow  Precht  Type  5  undercompensation.  Undercompensation  or  metabo¬ 
lic  depression  would  result  in  conservation  of  energy  in  larvae  during  winter  when  their 
principle  prey  organisms  are  scarce.  The  Qjq  between  10  and  15  C  for  10  C-collected 
larvae  was  1.04  indicating  complete  metabolic  insensitivity  to  short-term  changes  in  tem¬ 
perature  in  this  range.  The  patterns  of  acclimatization,  Precht  Type  3  partial  compensa- 
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tion  and  Precht  Type  5  undercompensation,  indicate  that  hellgrammites  probably  have 
enzymic  mechanisms  that  enable  them  to  conserve  energy  by  adjusting  their  metabolic 
rates  according  to  seasonably  encountered  temperatures;  thereby  enabling  their  mainten¬ 
ance  of  a  positive  annual  energy  budget  over  a  wide  range  of  seasonal  temperatures. 

A  NEW  SPECIES  OF  SUBTERRANEAN  SHRIMP  FROM  EZELL’S  CAVE, 
SAN  MARCOS,  TEXAS  --  Ned  Strenth,  Texas  A  &  M,  College  Station. 
Holthus  (1952,  Occ.  Pap.  Allan  Hancock  Found.  12)  suggested  the  possibility  that 
a  second  species  of  shrimp  was  present  in  Ezell’s  Cave,  San  Marcos,  Texas.  The  type  spec¬ 
imens  of  Palaemonetes  antrorum  Benedict  were  collected  from  the  artesian  well  at  the 
Fish  Hatchery  (Benedict,  1896,  Proc.  U.  S.  Nat.  Mus.,  vol.  18).  Holthus  was  able  to 
examine  only  three  specimens  which  had  been  collected  from  Ezell’s  Cave.  One  of  these 
proved  to  be  identical  to  the  type  material  from  the  well.  The  two  remaining  specimens 
however  were  quite  different  and  created  some  confusion.  The  most  notable  difference  in 
these  two  specimens  was  in  the  structure  of  the  telson.  Because  of  the  similarity  of  this 
structure  to  that  of  larval  Palaemonids  and  the  inability  at  that  time  to  secure  additional 
material,  Holthus  considered  these  two  specimens  to  be  questionable  juveniles  of 
Palaemonetes  antrorum.  As  a  result  of  additional  collecting  and  more  detailed  examina¬ 
tion  it  is  now  evident  that  a  second  species  of  shrimp  is  found  sympatrically  with 
Palaemonetes  antrorum  in  Ezell’s  Cave. 

OOGAMY  IN  A  SPECIES  OF  CHLAMYDOMONAS  ~  Byron  VanDover,  Ste¬ 
phen  F.  Austin  State  University,  Nacogdoches. 

Saturday  Morning,  March  17 

FUNGI  ISOLATED  FROM  SORGHUM  WITH  ROOT  AND  STALK  ROTS  - 
Syed  F.  I.  Fazli  and  Richard  A.  Fredericksen,  Texas  A  &  M  University. 

FUNGISTASIS  OF  SCHLEROTIUM  ROLFSII  IN  PRAIRIE  VIEW  SOIL  - 
D.  K.  Chopra,  L.  C.  Collins,  and  J.  K.  McKeever,  Prairie  View  A  &  M. 

MYCOLOGICAL  STUDIES  OF  THE  NORMAL  ORAL  FLORA  OF  COL¬ 
LEGE  STUDENTS  --  Tommy  L.  Langham  and  William  C.  Stevens,  A bilene 
Christian  College. 

FEEDING  CATTLE  ACID  TREATED  HIGH  MOISTURE  MILO  -  V.  M. 
Harris,  M.  G.  and  Johnnye  D.  Perry  Foundation. 

Organic  acid  preserved  high  moisture  milo  grain  has  been  compared  with  field 
dried  milo  in  beef  cattle  feeding  trials.  ChemStor  -  a  mixture  of  propionic  and  acetic  add 
developed  by  the  Celanese  Corporation  was  used.  In  preliminary  140-day  tests  in  1970  it 
was  demonstrated  that  up  to  2%  by  weight  of  propionic  acid  could  be  added  to  the 
fattening  ration  of  beef  steers  without  adversely  affecting  animal  performance.  In  1971  a 
heifer  trial  of  25  animals  per  pen  with  two  pens  on  dry  ground  milo  as  controls  were 
compared  with  two  pens  on  ground  high  moisture  (28%)  milo  that  had  been  treated  with 
the  ChemStor.  Feed  was  weighed  each  day  to  each  pen  and  the  cattle  weighed  each  28 
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days.  For  the  120-day  trial,  average  daily  gain,  daily  feed  consumption,  and  feed  effi¬ 
ciency  were  2.24  lbs.,  18.96  lbs.,  and  8.45  lbs.,  respectively  per  day  for  the  dry  grain  and 
2.33  lbs.,  16.68  lbs.,  and  7.11  lbs.,  respectively  per  day  for  the  high  moisture  grain.  This 
represents  a  15.9%  improvement  in  feed  efficiency  when  high  moisture  grain  was  fed.  In  a 
pilot  trial  in  1971  of  using  whole  high  moisture  milo  10  steers  gained  an  average  of  3.08 
lbs.  per  day  with  a  feed  efficiency  of  10.20  lbs.  for  160  days.  In  1972  a  120-day  steer 
feeding  trial  was  conducted  to  study  the  effect  of  ground  and  whole  high  moisture  treat¬ 
ed  milo  on  feedlot  performance.  Treatments  consisted  of  four  pens  of  30  head  of  667  lb. 
steers  each  randomly  divided.  One  pen  received  dry  ground  milo,  one  pen  received  ground 
high  moisture  treated  milo  and  two  pens  got  whole  high  moisture  acid  treated  milo.  For 
the  above  treatments  the  average  daily  feed  consumption,  average  daily  gain,  and  feed 
efficiency  was  21.56  lbs.,  2.38  lbs.,  9.05  lbs.,  21.36  lbs.,  2.66  lbs.,  8.05  lbs.  (mean  of  the 
two  pens)  25.87  lbs.,  2.38  lbs.,  10.90  lbs.  respectively.  These  studies  showed  that  feedlot 
steers  and  heifers  performed  best  with  the  ground  high  moisture  preserved  milo.  The 
whole  preserved  milo  did  the  poorest  indicating  that  the  milo  should  be  ground. 

THE  SMALL  SEED  SYNDROME  IN  SORGHYM  -  Kirby  W.  Huffman  and 
Robert  D.  Powell,  Texas  A  &  M  University,  College  Station. 

THE  EFFECT  OF  FLEAHOPPERS  ON  COTTON  UNDER  A  CONTROLLED 
ENVIRONMENT  --  Curtis  W.  Smith  and  Robert  D.  Powell,  Texas  A  &  M. 

SOYBEAN  VARIETIES  TRIAL  IN  TEXAS  GULF  COASTAL  PRAIRIE  -  L. 
E.  Tejada,  B.  K.  Chopra,  and  J.  I.  Kirkwood,  Prairie  View  A  &  M. 

DEVELOPING  A  METHODOLOGY  FOR  STUDY  OF  PSYCHOACTIVE 
DRUG  MECHANISMS  -  W.  R.  Klemm,  Texas  A  &  M.,  College  Station. 

ULTRASTRUCTURAL  ALTERATIONS  IN  THE  CEREBELLAR  CORTEX 
IMMEDIATELY  FOLLOWING  GAMMA  IRRADIATION  -M.  H.  Ellissalde, 
Jr.,  Southwest  Texas  State  University,  San  Marcos. 

Ultrastructural  alterations  in  the  stellate  neuron,  Purkinje  neurons,  granule  cells, 
astrocytes,  Bergmann  astrocytes,  oligodendrocyte,  and  microglea  of  the  cerebellar  cortex 
of  the  rat  immediately  following  variable  acute  doses  of  whole-body  gamma  irradiation 
were  investigated.  Measurements  taken  from  electronphotomicrographs  of  the  organelles 
of  these  cells  and  were  statistically  analysed. 

In  comparisons  within  and  between  non-irradiated  animals  no  significant  differ¬ 
ences  were  found  to  occur  between  organelles  of  specific  cell  types. 

Comparisons  made  within  the  same  dose  groups  showed  significant  differences 
only  to  occur  in  the  size  of  the  Bergmann  astrocyte  endoplasmic  reticulum  and  the  oligo¬ 
dendrocyte  myelin  periodicity  at  the  10,000  rad  level. 

Comparisons  were  made  between  organelles  of  specific  cell  types  of  the  control 
and  irradiated  groups.  Very  few  alterations  occurred  at  or  below  the  2,000  rad  level.  In 
the  5,000  rad  group  there  was  extensive  damage  to  the  astrocyte,  microglea,  oligodendro¬ 
cyte,  and  Bergmann  astrocyte  nuclear  membranes.  At  this  dose  the  mitochondria  of  the 
microglia,  stellate  neuron,  and  granule  cell  were  damaged  plus  alterations  in  the  oligoden- 
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drocyte  and  Bergmann  astrocyte  endoplasmic  reticulum  and  the  synapses  ending  on  the 
stellate  neurons  were  observed.  In  animals  receiving  10,000  rads,  damage  was  similar  to 
that  observed  in  the  5,000  rad  group  plus  changes  to  the  Purkinje  neurons  and  Bergmann 
astrocyte  mitochondria  and  astrocyte  and  endoplasmic  reticulum  occurred. 

THE  RELATIONSHIP  OF  THE  FIRE  ANT  (SOLONOPSIS  GENINATA  FAB) 
TO  NESTLINGS  OF  THE  BIRDS  NESTING  ON  TWO  SPOIL  ISLANDS  IN 
THE  LAGUNA  MADRE  --  Ron  Mrazek,  Texas  A  &M,  College  Station. 

A  control  program  was  initiated  during  the  spring  of  1972  to  determine  the  effect 
the  fire  ant  has  on  the  nesting  success  of  the  various  bird  species  utilizing  the  islands. 
This  involved  protecting  certain  nests  with  sevin  dust  and  leaving  others  undisturbed  as 
controls.  Nesting  on  the  spoil  islands  were  seven  species  of  birds:  Louisiana  Herons,  Great 
Blue  Herons,  Snowy  Egrets,  Reddish  Egrets,  Laughing  Gulls,  Gull-billed  Terns,  and  Black 
Skimmers. 

Data  collected  during  the  first  year  of  research  indicates  that  the  fire  ant  affected 
these  birds  greatly  during  the  time  they  were  incubating  eggs.  Fire  ant  harassment  of  the 
incubating  bird  caused  it  to  leave  the  eggs  for  varying  lengths  of  time.  The  time  spent 
away  from  the  nests  by  incubating  birds  had  great  effect  on  the  hatching  success  of  the 
eggs.  Incubating  birds  protected  from  the  fire  ants  showed  a  hatching  success  as  high  as 
25%  above  that  of  the  control  nests.  The  success  of  young  reaching  an  age  at  which  they 
could  leave  their  nests  for  varying  lengths  of  time  was  as  much  as  11%  higher  in  protected 
nests.  However,  in  some  nests  the  percentages  were  almost  equal  between  protected  and 
control  nests.  This  variation  in  the  number  of  young  leaving  a  nest  is  closely  related  to 
location  of  the  nest,  whether  the  bird  is  altricial  or  precocial,  and  nest  maintenance  by 
the  parent  birds. 

STABILIZING  MECHANISMS  IN  MARINE  ECOSYSTEMS  -  Nick  Fother- 
ingham,  University  of  Houston. 

CONDITION  INDEX  OF  AN  OYSTER  POPULATION  -  Robert  M.  Gillard, 
Texas  A  &  M  University,  College  Station. 

From  June  1967  to  June  1968  the  condition  index  (C.I.)  of  a  population  of 
oysters,  Crassostrea  virginica  (Gmelin),  was  measured  by  the  volume  of  the  shell  cavity, 
determined  by  displacement,  used  in  ratio  to  the  weight  of  blotted  meat.  Extensive  mor¬ 
tality  of  larger  oysters  prevented  measurements  in  September  and  October,  but  the  C.I. 
of  519  oysters  was  determined  during  the  remaining  months.  The  average  oyster  lengths 
were  approximately  55  mm  the  first  two  months,  35  mm  in  November  through  January 
when  spat  became  large  enough  for  C.I.measurements,  and  40  to  45  mm  during  the  last 
months  of  the  study.  The  lowest  C.I.  of  the  study  was  recorded  in  June  and  July  1967 
when  oyster  tissues  were  watery  and  contained  no  observable  glycogen.  During  the  re¬ 
mainder  of  the  study  the  C.I.  followed  a  definite  seasonal  pattern,  remaining  relatively 
high  and  constant  during  winter  months,  and  peaking  in  April  to  the  highest  level  of  the 
study.  During  May  and  June  1968  the  C.I.  gradually  decreased,  but  remained  significant¬ 
ly  higher  than  during  the  previous  June.  June  1968  was  also  characterized  by  having  few¬ 
er  spatfall  than  the  previous  June.  No  constant  differences  were  noted  between  the  C.I. 
of  subtidal  and  intertidal  oysters. 
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INFLUENCE  OF  SUBSTRATE  TYPE  ON  ABUNDANCE  AND  DISTRIBU¬ 
TION  OF  MACROBENTHOS  IN  UPPER  GALVESTON  AND  TRINITY 
BAYS  --  Grady  E.  Williams,  Texas  A  &  M  University,  College  Station. 

PRIMARY  PRODUCTIVITY  AND  CHLOROPHYLL  STANDING  CROP  IN  A 
DISTURBED  HYPERSALINE  ENVIRONMENT  -  David  A.  Jensen,  Texas 
A.  &  I  University,  Kingsville. 

EFFECTS  OF  SALINITY  CHANGE  ON  SPECIES  COMPOSITION  AND 
ABUNDANCE  OF  MACROBENTHOS  IN  TRINITY  BAY,  TEXAS  -  Mark 
J.  Poff  and  Grady  E.  Williams,  Texas  A  &  M  University,  College  Station. 

A  GRADIENT  APPARATUS  FOR  THE  STUDY  OF  SALINITY  PREFER 
ENCE  OF  SMALL  BENTHIC  AND  PELAGIC  ORGANISMS  -  Richard  K. 
Keiser,  Jr.  and  David  V.  Aldrich,  Texas  A  &  M Marins  Laboratory. 

INFLUENCE  OF  SALT  MARSH  IMPOUNDMENT  ON  SPECIES  COMPOSI¬ 
TION  AND  ABUNDANCE  OF  MACROBENTHOS  IN  A  TEXAS  ESTU¬ 
ARY  -  Mark  J.  Poff,  Texas  A  &  M  University,  College  Station. 

ZOOPLANKTON  OF  A  COASTAL  ESTUARY  -  Kee  Srithavatch,  Texas  A  & 
I  University,  Kingsville. 

DESCRIPTION  AND  HYDROGRAPHY  OF  THE  SAN  ANTONIO  BAY 
ESTUARINE  SYSTEM  DURING  THE  PERIOD  OF  MARCH,  1972  TO 
MARCH,  1973  -  Douglas  E.  Welch,  Richard  D.  Kalke,  Carol  A.  Marcin  and 
Geoffrey  A.  Matthews,  Texas  Parks  and  Wildlife  Department. 

THE  BENTHOS  OF  SAN  ANTONIO  BAY  DURING  THE  PERIOD  OF 
MARCH,  1972  TO  MARCH,  1973  -  Carol  A.  Marcin  and  Geoffrey  A. 
Matthews,  Texas  Parks  and  Wildlife  Department. 

THE  PLANKTON  OF  SAN  ANTONIO  BAY  DURING  THE  PERIOD  OF 
MARCH,  1972  TO  MARCH,  1973  -  Geoffrey  A.  Matthews  and  Richard  D. 
Kalke,  Texas  Parks  and  Wildlife  Department. 

PESTICIDE  INHIBITION  OF  ALGAL  SALT  TOLERANCE  -  J.  C.  Batterton, 
G.  M.  Boush,  and  F.  Matsumura , Baylor  University,  Waco. 

EXPERIMENTAL  POND  CULTURE  OF  BROWN  SHRIMP  ( PENAEUS 
AZTECUS)  IN  POWER  PLANT  EFFLUENT  WATER  -  R.  A.  Gould,  D.  V. 
Aldrich,  and  C.  R.  Mock,  Texas  A  &  M  University,  College  Station. 

EFFECTS  OF  SELECTED  OILS  ON  THE  AMERICAN  OYSTER,  CRASSOS- 
TREA  VIRGINICA  -  Roger  D.  Anderson,  Texas  A  &  M  University. 
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SECTION  V  -  SOCIAL  SCIENCES 

Friday  Afternoon,  March  16 

ADVERTISING  AND  REGIONAL  DEVELOPMENT  -  Harry  Ainsworth, 
University  of  Arkansas ,  Fayetteville. 

THE  ENERGY  CRISIS  AND  ECONOMIC  GROWTH  IN  THE  SOUTHWEST  - 
William  H.  Kelly  and  Stephen  L.  Gardner,  Federal  Reserve  Bank  of  Dallas. 

DEMAND  CENTERS  IN  TEXAS  -  David  R.  Seymour  and  Ed  DeSpain, 
Southern  Methodist  University ,  Dallas. 

MINORITY  BUSINESSMEN  AND  REGIONAL  DEVELOPMENT-  Ken 
Howard,  Dallas  Baptist  College. 

AN  ECONOMY  IN  TRANSITION  -  William  C.  Adams  and  James  D.  Barnette, 
East  Texas  State  University,  Commerce. 

THE  ECONOMIC  IMPACTS  OF  ALTERNATIVE  ENVIRONMENTAL  POLI¬ 
CIES  ON  STEAM  POWER  GENERATION  -  Gordon  H.  Otto  and  Koichi 
Inoue,  University  of  Houston. 

A  COMPARATIVE  ANALYSIS  OF  QUEUEING  SYSTEM  OPERATIONS  - 
F.  P.  Williams  and  W.  A.  Holliday, North  Texas  State  Univ.,  Denton. 

MINIMUM  EXPERIMENTAL  DESIGNS  FOR  MARKETING  RESEARCH  - 
John  T.  Sennetti,  Texas  Tech  University,  Lubbock. 

THE  ALTERNATIVE  FUTURES  FOR  PREDOMINANTLY  BLACK 
SCHOOLS  IN  THE  SOUTH:  A  PROPHETIC  SOCIOLOGICAL  ANALY¬ 
SIS  -  William  P.  Kuvlesky,  Texas  A  &  M  University,  and  William  Boykin, 
Alcorn  A  &  M  College. 

EFFECT  OF  ACTOR’S  PERSONAL  ORIENTATIONS  ON  HIS  BEHAVIOR¬ 
AL  INVOLVEMENT  IN  AN  ACTIVITY  -  R.  N.  Singh,  East  Texas  State 
University,  Commerce. 

PATTERNS  OF  RELIGIOUS  BEHAVIOR  AMONG  MIDDLE -CLASS  MEXI¬ 
CAN  AMERICANS  -  Bardin  H.  Nelson  and  Raymond  Teske,  Jr.,  Texas  A. 
&  M.  University,  College  Station. 

THE  FUNCTION  OF  BEING  A  LOSER  -  Charles  P.  McDowell,  East  Texas 
State  University,  Commerce. 

COLONEL  HOUSE  AND  THE  FEDERAL  RESERVE  ACT  -  William  E.  Saw¬ 
yer,  East  Texas  State  University,  Commerce. 
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INDIAN  REFORM  AS  A  REAFFIRMATION  OF  CONSERVATIVE  VAFUES 
-Ralph  W.  Goodwin,  East  Texas  State  University ;  Commerce . 

RUSH  TO  FREEDOM:  NEGRO  ATTITUDES  TOWARD  EMANCIPATION 
IN  TEXAS  DURING  THE  RECONSTRUCTION  -  John  P.  Carrier,  East 
Texas  State  University,  Commerce. 

THE  ELAND  AS  A  POTENTIAL  MEAT  SOURCE:  LAND  USE  IN  THE 
AMERICAN  SOUTHWEST  -  James  E.  Humphries,  Jr.,  East  Texas  State 
University,  Commerce. 

A  COMPARISON  OF  THREE  METHODS  OF  COLLEGE  TEACHING  IN  THE 
SOCIAL  SCIENCES  -  Carolyn  Putnam,  East  Texas  State  University. 

A  GEOGRAPHIC  SURVEY  REPORT  -  Elton  Scott, Sam  Houston  State  Univ. 

REPORT  OF  INSTITUTIONAL  RESEARCH  -  James  S.  Counelis,  University 
of  San  Francisco. 

A  SURVEY  ANALYSIS  OF  SOUTHWEST  TEXAS  STATE  UNIVERSITY 
STUDENT  ATTITUDES  AND  REPORTED  BEHAVIOR  RELATIVE  TO 
DRUGS,  SEX  AND  RELIGION  -  Henry  J.  Oles  and  Sandra  Merryman, 
Southwest  Texas  State  University,  San  Marcos. 

Approximately  four  hundred  Southwest  Texas  State  University  students  enrolled 
in  introductory  psychology  classes  completed  a  questionnaire  to  assess  their  attitudes  and 
behavior  on  a  number  of  dimensions  of  concern  to  college  officials  and  the  general  pub¬ 
lic.  The  results  indicated  that  alcohol  was  at  least  occasionally  used  by  the  vastmajority 
of  the  students  (89%)  but  only  35%  have  ever  tried  marijuana.  Only  6%  of  those  who 
have  tried  marijuana  claim  to  use  it  daily.  Sixty  percent  of  the  unmarried  students 
reported  having  experienced  sexual  intercourse  with  varying  frequencies.  The  students 
also  expressed  attitudes  that  were  strongly  pro-abortion  for  virtually  any  of  the  common¬ 
ly  cited  reasons.  Ninety-seven  percent  of  the  students  listed  a  definite  religious  affiliation 
but  only  72%  stated  a  personal  committment  to  Christ. 

The  results  of  this  study  indicate  that  SWTSU  students  are  typical  of  other  U.  S. 
college  students  as  evidenced  by  similar  studies  completed  on  other  campuses. 

SECTION  VI  -  ENVIRONMENTAL  SCIENCE 
Friday  Morning,  March  16 

THE  LIMNOLOGY  OF  McKITTRICK  CREEK,  GUADALUPE  MOUNTAINS 
NATIONAL  PARK  -  0.  T.  Lind,  Baylor  University,  Waco. 

ON  THE  PHYSIOCHEMICAL  LIMNOLOGY  OF  SEVERAL  CENTRAL  TEX¬ 
AS  RESERVOIRS  -  C.  L.  Lockett,  Southwest  Texas  State  University. 
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POPULATION  DYNAMICS  OF  THE  LEPOMIS  CYANELLUS  6  X  LEPOMIS 
MICROLOPHUS  9  HYBRID  AS  COMPARED  WITH  ITS  RECIPROCAL 
CROSS  AND  PARENTAL  SPECIES  -  E.  B.  Henderson  and  B.  G.  White- 
side,  Southwest  Texas  State  University,  San  Marcos. 

PLANKTON  PERIODICITY  IN  TWO  AQUATIC  STATION  PONDS  -  D.  K. 
Colbert,  Southwest  Texas  State  University,  San  Marcos. 

THE  INFLUENCE  OF  OXYGEN  ON  THE  SURVIVAL  AND  ACTIVITY  OF 
THREE  SPECIES  OF  WATER-MITES  -  W.  Young  and  C.  Rhodes,  South¬ 
west  Texas  State  University,  San  Marcos. 

ROTIFERAN  CYCLES  IN  A  HIGHLAND  LAKES  RESERVOIR  -  J.  R.  Mac- 
Rae,  University  of  Texas  at  Austin. 

SOME  EFFECTS  OF  SO2  ON  PLANTS  -  J.  Monier  and  0.  W.  Van  Auken, 
Southwest  Research  Institute. 

The  effect  of  SO2  on  the  leaves  of  a  plant,  as  a  function  of  leaf  age,  depends  on 
the  species  used,  the  experimental  conditions,  the  concentration  of  the  pollutant  gas,  and 
the  duration  of  the  exposure.  The  plants  used  were  grown  in  controlled  environment 
chambers  for  33  days  and  then  placed  in  an  exposure  chamber  under  the  same  conditions 
for  equilibration  and  exposure.  The  rates  of  C1402  fixation  were  measured  as  a  function 
of  SO2  concentration.  Exposures  were  short-term  (1.0  hr.)  and  no  leaf  damage  occurred 
on  any  of  the  leaves  24  hours  after  the  exposure.  The  rates  of  C14C>2  fixation  were  re¬ 
duced  for  fully  expanded  leaves  and  for  leaves  that  were  75%-100%  expanded.  Leaves 
that  were  still  actively  expanding  were  stimulated  by  the  SO 2  exposure.  This  was  evident 
when  expressed  in  terms  of  mg  C1402/mg  chlorophyll.  ESR  measurements  were  also 
made  using  leaf  tissue  as  well  as  extracted  chloroplasts.  The  amplitute  of  the  g=2  signal 
was  drastically  increased  in  the  10-13  day  old  leaves  when  exposed  to  1  ppm  SO2  for  1 
hour.  A  large  manganese  signal  appeared  in  the  chloroplasts  but  only  after  exposure  to  the 
SO2  pollutant  gas. 

FIELD  TECHNIQUES  WITH  THE  ACETYLENE  REDUCTION  TECH¬ 
NIQUE  --  G.  Lawley ,  North  Texas  State  University,  Denton. 

TOTAL  MERCURY  CONTENT  OF  SELECTED  SAMPLES  FROM  THE 
TERLINGUA  AREA,  TEXAS  -  C.  Desforges,  C.  J.  Blanton,  L.  Newland 
and  A.  Ehlmann,  Texas  Christian  University,  Fort  Worth. 

DISTRIBUTION  AND  ABUNDANCE  OF  THE  OYSTER,  CRASSOSTERA 
VIRGINICA,  AROUND  A  STEAM  ELECTRIC  STATION  COOLING 
WATER  DISCHARGE  CANAL  -  S.  A.  Holt,  Texas  A&M  Univ . 

SEASONAL  VARIATION  OF  PHYSICAL-CHEMICAL  CONDITIONS  AND 
MACROBENTHOS  IN  A  NECHES  RIVER  MEANDER  SCAR  LAKE  -  M. 
0.  Welch  and  R.  C.  Harrel,  Lamar  University,  Beaumont. 
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TLC  ANALYSIS  OF  ORGANOCHLORINE  PESTICIDE  RESIDUES  IN  A 
BASIC  LABORATORY  -  R.  Rodriguez,  Texas  A  &  /  Univ. ,  Kingsville. 

THE  CALCULATION  OF  GEIGER  COUNTING  EFFICIENCY  FOR  USE  IN 
Cl4  PRIMARY  PRODUCTIVITY  MEASUREMENTS  -  R.  R.  Fay  and  W. 
J.  Hyoun,  Texas  A  &  M  Univ.,  College  Station. 

THE  PLEISTOCENE  FAUNAL  BREAK  BETWEEN  CENTRAL  TEXAS  AND 
THE  SOUTHWEST  -  A.  H.  Harris,  University  of  Texas  at  El  Paso. 

EFFECTS  OF  FLUOROCARBONS  ON  BIOLOGICAL  SYSTEMS  -  J.  Healy, 
R.  T.  S.  Lee,  D.  Perrotta,  and  0.  W.  Van  Auken,  Southwest  Research  Insti¬ 
tute. 

The  halogenated  hydrocarbons,  in  particular,  the  fluoroalkane  gases  or  Freons® 
(generic  name,  halons),  are  widely  used  today  in  various  industrial  and  household  appli¬ 
cations  because  they  are  felt  to  be  relatively  non-toxic.  The  effects  of  Freon-11 
(trichlorofluoromethane),  Freon-21  (dichlorofluoromethane),  Freon-22  (monochlorodi- 
fluoromethane),  and  Halothane  (2-bromo-2-chloro-l  ,1 ,1-trifluoroethane)  were  tested  on 
several  different  biological  systems  including  eight  species  of  bacteria,  two  species  of 
plants,  and  mitochondria  isolated  from  mung  beans  and  rabbit  liver.  The  fluorocarbons 
inhibited  bacterial  colony  development,  inhibited  log  phase  growth,  and  decreased  bac¬ 
terial  respiration  rates.  Mung  bean  and  pinto  bean  seed  germination  was  inhibited  and 
the  growth  rates  of  both  species  were  reduced.  Oxidative  phosphorylation  of  mung  bean 
and  rabbit  liver  mitochondria  were  also  inhibited.  Inhibition  was  dependent  on  the  con¬ 
centration  of  the  halo  carbon  and  also  on  the  particular  halocarbon  used.  Freon-21  was 
more  inhibiting  than  was  Freon-11  or  Halothane,  and  Freon-22  was  least  effective  on  a 
mg/ml  basis. 

EFFECTS  OF  INDUSTRIAL  WASTES  ON  TRINITY  RIVER  ECOLOGY, 
TARRANT  COUNTY,  TEXAS.  PART  I :  BIOESSAY  -  C.  E.  Murphy,  J.  W. 
Forsyth,  L.  W.  Newland  and  D.  E.  Keith,  Texas  Christian  University. 

EFFECTS  OF  INDUSTRIAL  WASTES  ON  TRINITY  RIVER  ECOLOGY, 
TARRANT  COUNTY,  TEXAS.  PART  II:  GROWTH  AND  DEVELOP¬ 
MENT--  J.  W.  Forsyth,  C.  E.  Murphy,  L.  W.  Newland  and  D.  E.  Keith, 
Texas  Christian  University,  Fort  Worth. 

EFFECTS  OF  INDUSTRIAL  WASTES  ON  TRINITY  RIVER  ECOLOGY, 
TARRANT  COUNTY,  TEXAS.  PART  III:  BENTHOS  -  D.  E.  Keith,  C.  E. 
Murphy,  L.  W.  Newland  and  J.  W.  Forsyth,  Texas  Christian  University. 

EFFECTS  OF  INDUSTRIAL  WASTES  ON  TRINITY  RIVER  ECOLOGY, 
TARRANT  COUNTY,  TEXAS.  PART  IV:  CHEMISTRY  -  L.  W.  Newland 
C.  E.  Murphy,  J.  W.  Forsyth  and  D.  E.  Keith,  Texas  Christian  University. 
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POPULATION  ECOLOGY  OF  COPHOSAURUS  TEXANUS  IN  COMAL 
COUNTY,  TEXAS  --  G.  A.  Engeling,  Southwest  Texas  State  University. 

A  detailed  study  of  the  population  structure,  dynamics,  reproduction  and  growth 
of  Cophosaurus  texanus  was  conducted  on  a  population  of  these  lizards  in  Comal  County, 
Texas  from  March  1971  through  May  1972. 

This  study  of  marked  lizards  which  were  recaptured  periodically  revealed  that  the 
sex  ratio  in  natural  populations  is  very  close  to  50:50,  the  density  and  composition  of  the 
population  are  quite  constant,  except  when  hatchlings  appear  in  the  summer  months. 
The  population  age  structure  is  simple,  consisting  of  young  of  the  year  and  one  year-old 
age  classes.  Young  of  the  year  comprise  a  large  proportion  of  the  lizards  collected,  irre¬ 
spective  of  sampling  date.  Adult  lizards  cannot  be  divided  into  distinct  age  groups.  There 
is  a  large  turnover  in  the  population  on  an  annual  basis  as  evidenced  by  1)  the  disappear¬ 
ance  of  adults  in  the  summer  which  coincides  with  the  appearance  of  hatchlings,  2)  adult 
and  juvenile  survivorship  is  low,  3)  lizards  hatched  early  in  the  reproductive  season  grow 
rapidly  and  attain  adult  size  by  fall  or  early  winter,  thus  merging  and  overlapping  in  size 
with  lizards  produced  in  the  previous  season,  4)  almost  all  lizards  (both  males  and  fe¬ 
males)  are  fully  reproductive  in  the  spring  following  hatching,  and  5)  females  lay  several 
clutches  of  eggs  in  one  reproductive  season. 

The  reproductive  season  extends  from  March  through  August.  Eggs  are  deposited 
from  April  through  August  and  hatchlings  appear  from  mid-June  through  mid-October. 
Young  lizards  grow  rapidly;  male  and  female  lizards  reach  sexual  maturity  at  approxi¬ 
mately  55  and  50  mm.  in  snout -vent  length  respectively. 

Both  sexes  inhabit  a  home  range  and,  in  general,  males  have  larger  home  ranges 
than  females.  The  large  population  turnover  probably  results  in  minimal  competition  for 
food  and  space  between  adult  and  young  lizards. 

THE  ALGAE  OF  HOG  CREEK  IN  BOSQUE  AND  McLENNAN  COUNTIES, 
TEXAS  -  D.  H.  Ratcliff  and  F.  M.  Hurst,  Baylor  University,  Waco. 

CONTROL  OF  MICROORGANISMS  IN  CHICKEN  LAYING  SYSTEMS  -  E. 
J.  Campos  and  W.  F.  Krueger,  Texas  A  &  M  University,  College  Station. 

ENVIRONMENTAL  POLLUTION  CONTROL  BY  MODERN  COPPER 
SMELTERS  -  V.  Gobel,  Stephen  F.  Austin  State  Univ.,  Nacogdoches. 

The  pyrometallurgical  flash  smelting  process  combined  with  effective  pollution 
control  devices  minimizes  the  amount  of  polluting  gases  and  particulates  emitted  from 
the  stacks  of  copper  smelters  into  the  atmosphere.  Approximately  98-99 %  of  the  flue 
dust  can  be  recovered  from  the  emissions,  and  sulfur  from  the  concentrate  to  more  than 
9%. 

The  flash  smelting  process  combines  the  roasting  and  smelting  of  the  sulfide  ores 
in  one  step.  The  offgases  produced  are  sufficiently  high  in  their  SO2  -  concentrations  to 
allow  the  efficient  and  also  economical  recovery  of  sulfur  in  form  of  sulfuric  acid  or  as 
elemental  sulfur.  The  flue  dust  is  removed  by  electrostatic  precipitators. 

The  process  was  developed  by  the  Finnish  company  Outokumpu  Oy,  and  is  cur¬ 
rently  used  by  about  ten  copper  smelters.  It  is  now  being  considered  for  adoption  by  U. 
S.  copper  producing  companies  in  order  to  comply  with  the  minimum  air  quality  stand- 
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ards  as  set  forth  by  the  Environmental  Protection  Agency  andtthe  State  air  quality  con¬ 
trol  regulations  which  cannot  be  met  by  the  standard  reverberatory  furnaces  now  in  oper¬ 
ation. 

NUTRIENT  LIMITATION  AND  PRIMARY  PRODUCTION  IN  WACO  RES¬ 
ERVOIR  -  B.  L.  Kimmel  and  0.  T.  Lind ,  Baylor  University,  Waco. 

FEEDING  AND  ASSIMILATION  IN  THE  OSTRACOD,  CYPRIDOPSIS 
VIDUA:  UPPER  TEMPERATURE  RESPONSE  -  M.  L.  Wysong,  Bay¬ 
lor  University,  Waco. 

Saturday  Morning,  March  17 

MYXOMYCETES  OF  THE  BIG  THICKET  -  J.  L.  McGraw,  lx.,  Lamar  Uni - 
versity,  Beaumont. 

MIOCENE  POND  FILLS  OF  THE  BIG  THICKET  -B.  H.  Slaughter,  Southern 
Methodist  University,  Dallas. 

LAND  USE  PATTERNS  IN  THE  BIG  THICKET  AND  CONSIDERATIONS 
OF  THEIR  FUTURE  EFFECTS  -  G.  A.  Bryan,  Lamar  University. 

SURFACE  GEOLOGIC  ASPECTS  OF  THE  BIG  THICKET  -  S.  Aronow,  La¬ 
mar  University. 

ACID  BOG  ECOLOGY  --  W.  C.  Runnels,  Lamar  University ,  Beaumont. 

ROTIFERIAN  SUCCESSION  IN  AN  EAST  TEXAS  LAKE  -  C.  Marsh,  Lamar 
University,  Beaumont. 

CHEMICAL  MESSENGERS  GUIDING  THE  INFESTATION  OF  SOUTHERN 
PINE  STUMPS  BY  BARK  BEETLES  -  J.  A.  A.  Renwick,  Boyce  Thompson 
Institute. 

A  BRIEF  HISTORY  OF  THE  CARNIVORES  OF  THE  BIG  THICKET  -  D.  N. 
Russell,  General  Land  Office. 

BIG  THICKET  ORNITHOLOGY  -  J.  J.  Ramsey,  Lamar  University. 

PLANT  ASSOCIATIONS  IN  THE  BIG  THICKET  -  G.  Watson,  Big  Thicket 
Association. 

SECTION  VII  -  CHEMICAL  SCIENCES 


Friday  Morning,  March  16 
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ROLE  OF  PETROLEUM  EXTENDER  OILS  IN  MODERN  TIRE  TECHNOL¬ 
OGY  -  Marvin  L.  Deviney,  Ashland  Oil,  Inc.,  Columbus,  Ohio. 

THE  EFFECT  OF  INSTRUMENTAL  PARAMETERS  ON  ION  ARRIVAL 
TIME  DISTRIBUTIONS  IN  HIGH  PRESSURE  MASS  SPECTROMETRY - 

R.  K.  Mitchum  and  G.  G.  Meisels,  University  of  Houston. 

EVALUATION  OF  TRACK  PARAMETERS  FOR  FISSION  RECOIL  INTER¬ 
ACTIONS  --  W.  C.  Richardson  and  G.  G.  Meisels,  University  of  Houston. 

ANAMALOUS  MELTING  POINTS  OF  SEMICARBAZONE  DERIVATIVES 
OF  ALKYL  BENZYL  KETONES  -  Robert  L.  McBroom  and  Eldon  H. 
Sund,  Midwestern  University,  Wichita  Falls. 

Semicarbazone  derivatives  of  several  alkyl  benzyl  ketones  were  prepared.  Two  or 
more  different  melting  points  of  some  of  these  semicarbazones  are  reported  in  the  litera¬ 
ture.  The  anomalies  are  discussed. 

ALKYL  2-FURFURYL  KETONES  AND  DERIVATIVES  -  J.  D.  Belcher,  Jr., 
and  E.  H.  Sund ,  Midwestern  University,  Wichita  Falls. 

Nine  alkyl  2-furfuryl  ketones  were  synthesized.  Densities  are  refractive  indexes 
were  determined  and  hydantoin  and  semicarbazone  derivatives  were  prepared. 

ALKYL  3-PICOLYL  KETONES  AND  DERIVATIVES  -  D.  L.  Krottinger  and 
E.  H.  Sund ,  Midwestern  University,  Wichita  Falls. 

Nine  alkyl  3-picolyl  ketones  were  synthesized.  Densities  and  refractive  indexes 
were  determined  and  picrate  and  hydantoin  derivatives  were  prepared. 

ALKYL  2-THENYL  KETONES  AND  DERIVATIVES  -  D.  S.  Hunter  and  E. 
H.  Sund, Midwestern  University,  Wichita  Falls. 

Nine  alkyl  2-thienyl  ketones  were  synthesized.  Densities  and  refractive  indexes 
were  determined  and  hydantoin  and  semicarbazone  derivatives  were  prepared. 

ISOLATION  AND  PURIFICATION  OF  1 ,10-PHENANTHROLINE  BY  FOR¬ 
MATION  OF  A  FERROUS  COMPLEX  -  Everett  C.  Hurdis,  Texas  Wo¬ 
man  ’s  University,  Denton. 

A  LABORATORY-CENTERED  COURSE  IN  GENERAL  CHEMISTRY  - 

Charles  R.  Barr,  Frank  A.  James  and  J.  Linn  Mackey,  Austin  College  Sher¬ 
man. 

A  PHILOSOPHY  FOR  LABORATORY  TRAINING  AND  ITS  APPLICATION 
--  Edward  S.  Lewis, Rice  University,  Houston. 

THE  INTEGRATED  LABORATORY  CONCEPT:  CAN  IT  WORK?-  James  L. 
Marshall,  North  Texas  State  University,  Denton. 
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THE  USE  OF  NUMERICAL  SIMULATION  IN  PHYSICAL  CHEMISTRY 
LABORATORY  -  Lamar  Bridges  and  John  M.  White,  The  University  of 
Texas  at  Austin. 

LEARNING  ORIENTED  CHEMISTRY  INSTRUCTION:  AN  AUDIO-VISUAL- 
TUTORIAL  APPROACH  ~  Charles  Howard,  San  Antonio  College. 

APPLICATION  OF  THE  KELLER  PSI  METHOD  TO  INTRODUCTORY 
CHEMISTRY  FOR  SCIENCE  MAJORS  AND  TO  QUANTUM  CHEMIS¬ 
TRY  --  Lamar  Bridges,  John  S.  Close,  J.  W.  McAllister  and  J.  M.  White,  The 
University  of  Texas  at  Austin. 

A  MODIFIED  KELLER  PLAN  IN  FRESHMAN  CHEMISTRY  -  P.  E.  Cassidy, 
D.  Z.  Lippmann  and  B.  J.  Yager,  Southwest  Texas  State  University. 

THE  FORMATION  OF  NEGATIVE  IONS  BY  ELECTRON  ATTACHMENT  - 
Joe  Franklin, R ice  University,  Houston. 

MASS  SPECTROMETRY  OF  HIGH  TEMPERATURE  ION  SPECIES  -  John 
Margrave,  Rice  University. 

CHEMICAL  IONIZATION  AND  IONIC  EQUILIBRIA  IN  THE  GAS  PHASE  - 
AN  APPLICATION  OF  THE  ARRIVAL  TIME  DISTRIBUTION  METHOD 
--  G.  G.  Meisels,  G.  J.  Sroka  and  R.  K.  Mitchum,  University  of  Houston. 

REACTIONS  OF  IONS  WITH  POLAR  MOLECULES  IN  A  PHOTOIONIZA¬ 
TION  MASS  SPECTROMETER  --  Larry  Bone,£to  Texas  State  University . 

MASS  SPECTROMETERS  IN  CATALYSIS  MEASUREMENTS  OF  ACTIVE 
SITES  ON  ALUMINA  -  Joe  W.  Hightower,/?/^  University,  Houston. 

CHEMICAL  IONIZATION  MASS  SPECTROMETRY  OF  NUCLEOSIDES 
AND  THEIR  ANALOGS  -  M.  S.  Wilson  and  J.  A.  McCloskey,  Baylor  Col¬ 
lege  of  Medicine 

APPLICATIONS  OF  MASS  SPECTROMETRY  IN  STUDIES  OF  STEREO¬ 
CHEMISTRY  AND  MECHANISMS  OF  ENZYMATIC  REACTIONS  - 
George  Schroepfer,.K/ce  University,  Houston. 

DECARBOXYLATION  OF  HALOGENATED  2-OXETANONES  -  A.  D.  Patel 
and  W.  T.  Brady,  North  Texas  State  University,  Denton. 

WITTIG  REACTIONS  OF  AROYL  CYANIDES  -  Robert  L.  Soulen,  South¬ 
western  University,  Georgetown. 
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CHEMIOSMOTIC  MECHANISM  OF  HISTONE  ACTION  ON  MITOCHOND¬ 
RIAL  OXIDATIVE  AND  PHOSPHORYLATIVE  REACTIONS  «  D.  S. 
Wong  and  M.  Hillar,  Texas  Southern  University,  Houston. 

There  is  much  confusion  in  the  literature  with  respect  to  the  action  of  histone  on 
mitochondrial  oxidative/phosphor ylative  reactions  and  associated  cation  transport. 
Therefore  we  have  undertaken  systematic  and  detailed  studies.  In  these  reported  experi¬ 
ments  effect  of  various  histones  (individual  fractions)  as  well  as  synthetic  polymers  show¬ 
ed  different  action  (from  inhibition  to  stimulation)  on  mitochondrial  oxidation  in  various 
metabolic  states.  There  is  no  direct  correlation  between  their  action  and  molecular  weight 
or  charges.  Moreover,  some  metabolic  substrates  as  citrate  exert  modifying  effects  on 
histone  action.  They  can  also  block  potassium  extrusion  from  mitochondria  caused  by 
uncoupler  DNP.  Histones  produce  potassium  extrusion  as  well,  however,  this  is  energy- 
dependent  process  and  phosphate-dependent  for  maximal  effect.  The  results  are  discussed 
in  the  light  of  current  knowledge  about  the  relationship  between  oxidation  and  proton/ 
cation  transport  across  mitochondrial  membrane.  A  new  proposal  for  the  mechanism  of 
histone  action  is  suggested.  Supported  by  grant  from  T.S.U.  no.  16-851  and  grant  from 
N.I.H.no.  RR-S06-01-72. 


DEVELOPMENT  OF  A  SIMPLE  STREET  DRUG  ANALYSIS  SYSTEM  -  M. 
J.  Carlo  and  K.  E.  Trudo ,  Angelo  State  University,  San  Angelo. 

DETERMINATION  OF  DRUGS  IN  BIOLOGICAL  FLUIDS:  COCAINE  -M. 
J.  Carlo,  E.  Gates,  M.  Nations  and  L.  Schilling,  A ngelo  State  University. 

THE  CRYSTAL  STRUCTURE  OF  CYTOSINE  PICRATE  -  H.  D.  Shelton  and 
R.  Desiderato, North  Texas  State  University,  Denton. 

DEVELOPMENT  OF  A  TLC  SYSTEM  FOR  THE  DETERMINATION  OF 
OPIATES  IN  PLASMA  AND  URINE  -  M.  J.  Carlo,  D.  Gruetzmacher  and 
R.  Vottei,  Angelo  State  University. 

DETERMINATION  OF  DRUGS  IN  BIOLOGICAL  FLUIDS:  A  MODIFIED 
SPECTROPHOTOMETRIC  PROCEDURE  FOR  THE  DETERMINATION 
OF  D-PROPOXYPHENE  IN  PLASMA  AND  URINE  -  M.  J.  Carlo,  V. 
Loyola  and  W.  McAnnally,  Angelo  State  University. 

THERMODYNAMIC  POTENTIALS  AND  STATISTICAL  ENSEMBLES  -  D. 
J.  Subach  and  B.  J.  Zwolinski,  Texas  A  &  M  University,  College  Station. 

SYNTHESIS  OF  A  THERMALLY  STABLE  OLIGOMER  BY  FRIEDEL- 
CRAFTS  ACYLATION  -  F.  C.  Henson  and  B.  J.  Yager,  Southwest  Texas 
State  University. 

COPOLYMERIZATION  OF  DEHYDRATED  CASTOR  OIL  -  P.  E.  Cassidy 
and  G.  D.  Schwank,  Southwest  Texas  State  University. 
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THE  EFFECT  OF  VARIABLES  ON  ACRYLIC  ADHESIVES  -  R.  B.  Seymour 
and  W.  N.  Tinnerman,  II,  The  University  of  Houston. 

EFFECT  OF  THIOCYANATES  ON  THE  MELT  VISCOSITY  OF  NYLON  -  B. 
H.  Clampitt  and  R.  K.  Kochhar,  Gulf  Research  and  Development  Company. 

THE  EFFECT  OF  COMPOSITION  ON  THE  PROPERTIES  OF  POLYOLEFIN 
BLENDS  -  R.  B.  Seymour,  M.  L.  B.  McGee,  R.  A.  Garcia  and  J.  M.  Sosa. 
The  University  of  Houston. 

STEREOREGULARITY  OF  POLYPROLENE  -  F.  C.  Stehling,  Esso  Re¬ 
search  and  Engineering  Company. 

SEQUENCE  LENGTH  AND  CRYSTALLINITY  IN  ALPHA-OLEFIN  TER- 
POLYMERS  -  S.  Davison  and  G.  L.  Taylor,  Shell  Development  Company. 

MAGNETIC  CIRCULAR  DICHROISM  STUDIES  OF  POLYMERS  -  H.  Kaye 
and  J.  S.  Hwang,  Texas  A  &  M  University ,  College  Station. 

ANALYSIS  OF  MIXTURES  OF  OLIGOPEPTIDE  DERIVATIVES  BY  MI¬ 
CRODISTILLATION  IN  A  MASS  SPECTROMETER  -  Ronald  D.  Grigsby, 
Texas  A  &  M  University,  College  Station. 

SOME  ASPECTS  OF  INTRA-  AND  INTERMOLECULAR  REACTIONS  OF 
SILICONIUM  IONS  IN  THE  VAPOR  PHASE  -  Paul  Vouros,  T.  J.  Odiorne 
and  D.  J.  Harvey,  Baylor  College  of  Medicine,  Houston. 

MASS  SPECTRA  OF  CANNABINOIDS  -  P.  R.  Loy  and  D.  C.  Fenimore,  Tex¬ 
as  Research  Institute  of  Mental  Sciences. 

MASS  SPECTROMETRY  OF  COMPLEX  PETROLEUM  MIXTURES  -  Thomas 
Aczel  ,ESSO. 

APPLICATIONS  OF  COMPUTER  TECHNIQUES  TO  MASS  SPECTROM- 
ETY-  Phil  Wadsworth  and  D.  Tunnicliff,  Shell. 

HIGH  RESOLUTION  NEGATIVE  MASS  SPECTROMETRY  -  Conrad  Cone, 
University  of  Texas ,  Austin. 

STABILITY  CONSTANTS  FOR  CHELATES  OF  METAL  IONS  WITH 
ALPHA  KETO  ACIDS  -  John  Smith  III  and  V.  M.  Doctor ,  Prairie  View  A 
&  M  College. 

THE  SYNTHESIS  OF  MACRORADICALS  IN  HETEROGENEOUS  SYS¬ 
TEMS  -  Raymond  B.  Seymour,  Don  R.  Owen  and  Glenn  A.  Stahl,  Univer¬ 
sity  of  Houston. 
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AMINOHYDROXYCYCLOPENTANECARBOXYLIC  ACIDS,  POTENTIAL 
ANTITUMOR  AGENTS  -  D.  Gaitanopoulos,  P.  F.  Kruse,  Jr.,  and  C.  G. 
Skinner,  North  Texas  State  University,  Denton. 

The  synthesis  of  the  title  compounds  has  previously  been  reported  from  these  lab¬ 
oratories  Huddle  and  Skinner,  1971,7.  Med.  Chem.,  14:  454)  for  study  as  potential  anti¬ 
tumor  agents.  The  structural  rationale  was  based  on  the  demonstrated  chemotherapeutic 
effects  of  1-aminocyclopentanecarboxylic  acid  (cycloleucine);  and  accordingly  the  title 
compounds  might  be  termed  cyclothreonine  (or  cycloalothreonine).  The  inconsistent- 
biological  activity  which  was  observed  in  various  recrystallized  samples  suggested  that 
more  than  one  isomeric  form  might  be  present.  The  low  yields  of  l-amino-2-hydroxy- 
cyclopentanecarboxylic  acid  obtained  through  the  original  synthetic  route  restricted 
attempts  to  resolve  the  isomeric  forms.  An  alternative  synthetic  method  has  subsequently 
been  devised  which  produces  the  amino  acid  in  appreciably  higher  yield.  This  latter  route 
was  patterned  after  the  preparation  of  serine  from  methoxyacetaldehyde;  i.e.,  l-amino-2- 
hydroxycyclopentanecarboxylic  acid  was  prepared  from  2-methoxycyclopentanone.  2- 
Methoxycyclopentanone  was  first  converted  to  5(2-methoxycyclopentant)hydantoin; 
alkaline  hydrolysis  of  the  hydantoin  followed  by  acid  hydrolysis  of  the  resulting  1 -amino 
-2-methoxycyclopentanecarboxylic  acid  led  to  the  formation  of  l-amino-2-hydroxycy- 
clopentanecarboxylic  acid  in  about  65-80%  yield.  A  physicochemical  analysis  of  the 
amino  acid  produced  using  IR,  NMR,  and  ion-exchange  chromatography  suggests  that  an 
isomer  different  from  that  previously  described  was  the  principle  reaction  product. 

ABSORPTION  AND  IDENTIFICATION  OF  TRACE  AMOUNTS  OF  OR¬ 
GANIC  AMINES  -  M.  F.  Terraso  and  Norris  W.  Tyer ,  Harris  County  Pollu¬ 
tion  Control  Department ,  Houston. 

An  adsorption  technique  for  capturing  and  concentrating  trace  quantities  of 
amines  in  the  air  employs  an  ion  exchange  resin  column  suspended  in  an  appropriate  so¬ 
lution.  The  procedure  for  the  elution  of  the  trapped  amine  from  the  resin  will  be  describ¬ 
ed.  Specific  qualitative  and  quantitative  identification  by  thin  layer  and  gas  liquid  chro¬ 
matography  will  be  discussed. 

CHEMISTRY  OF  URETHANE-EPOXY  CO-POLYMERS  -  Margaret  C. 
Willoughby  and  Peter  Lagergren,  The  University  of  Texas  at  Arlington. 

CAPTURE  AND  IDENTIFICATION  OF  ACRYLATE  ODORS  -  Jerry  Harris 
and  Albert  T.  Hugh,  Harris  County  Pollution  Control  Dept.,  Houston. 

An  adsorption  technique  for  capturing  and  concentrating  trace  quantities  of  acryl¬ 
ate  vapors  in  the  air  is  presented.  The  technique  utilizes  a  high  volume  sampler  with  an 
attachment  accomodating  an  8”  x  10”  filter.  The  filter  is  lightly  sprayed  with  activated 
carbon.  The  organic  compounds  adsorbed  are  eluted  with  an  appropriate  solvent.  Identi¬ 
fication  of  the  organic  compounds  is  accomplished  using  various  spectographic  and  chro¬ 
matographic  instruments. 

SCREENING  TECHNIQUES  FOR  DETERMINATION  OF  ARSENIC  -  James 
D.  Joseph  and  W.  A.  Quebedeaux,  Jr.,  Harris  County  Pollution  Control 
Department,  Houston. 

Classical  wet  chemical  methods  of  arsenic  determination  are  adequate  when  the 
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sample  contains  essentially  nothing  else  but  arsenics;  however,  they  leave  much  to  be 
desired  in  instances  where  heavy  metals  and  organics  are  known  to  be  present.  Atomic 
absorption  techniques  currently  used  lack  the  sensitivity  to  adequately  determine  small 
quantities  of  this  metal. 

The  technique  described  herein  is  based  on  a  maximum  retention  time  of  the  gas¬ 
eous  hydride  in  an  argon-hydrogen  flame  using  a  deuterium  background  correction  sys¬ 
tem,  atomic  absorption  spectrophotomer,  and  an  arsine  reaction  vessel  that  is  unique  in 
its  application.  There  appear  to  be  no  interferences  using  our  method,  and  total  arsenic 
(inorganic  and  organically  bound)  is  determined  rapidly  with  a  mean  detection  limit  of 
0.02  jllg/ml  arsenic.  Comparison  of  this  new  method  is  supplied  against  six  wet  chemical 
methods,  three  of  which  were  developed  in  our  laboratory  for  pollution  control  work. 

USE  OF  THE  BIOASSAY  AS  A  SCREENING  TECHNIQUE  TO  DETER¬ 
MINE  THE  EFFECT  OF  INDUSTRIAL  WASTES  ON  FISH  LIFE  -  Norma 
Jean  Lemmon  and  Joseph  G.  Durham,  Harris  Cty.  Pollution  Control  Dept. 

The  purpose  of  this  presentation  is  to  describe  methods  of  bioassay  and  their 
application  for  the  screening  of  industrial  waste.  The  requirements  for  an  adequate  test 
will  be  listed.  Procedural  differences  in  the  test  as  performed  by  Harris  County  will  be 
contrasted  with  the  procedures  found  in  the  literature.  Animal  fitness,  actual  animal  ob¬ 
servation  and  the  effect  of  other  variable  parameters  will  be  discussed.  The  implications 
and  inferences  which  may  be  drawn  concerning  these  parameters  will  be  evaluated. 

DOCUMENTATION  OF  ADMISSIBLE  EVIDENCE  FOR  ENVIRONMENTAL 
CASES  -  Allison  R.  Peirce  and  W.  A.  Quebedeaux,  Jr.,  Harris  County  Pollu¬ 
tion  Control  Department. 

Evidence  to  be  used  in  an  environmental  case  must  meet  certain  general  legal  re¬ 
quirements.  These  requirements  are  discussed.  The  documentation  required  to  support 
the  evidence  gathered  is  illustrated  by  examples  of  the  many  forms  and  reports  used  by 
the  Harris  County  Pollution  Control  Department.  Obviously,  cases  will  require  slightly 
differing  supporting  documents,  but  they  all  must  meet  the  same  general  rules  of  evi¬ 
dence. 

STRONG  CRYSTALLINE  FIELD  PERTURBATION  TREATMENT  OF  d3, 
d?  PENTACOORDINATE  COMPLEXES  -  J.  A.  Varga  and  C.  A.  L.  Becker, 
The  University  of  Texas  at  Austin. 

Crystal  field  theory  within  the  context  of  the  strong  field  formalism  is  used  to 
treat  d^,  d?  pentacoordinate  complexes  in  the  limit  of  zero  spin-orbit  coupling.  Both 
idealized  geometries,  the  trigonal  bipyramid  (D3L)  and  the  square  pyramid  (Cqy),  are 
considered.  Distortions  of  these  limiting  cases  are  accommodated  by  varying  the  L-M-L’ 
bond  angle.  For  the  latter,  the  symmetry  remains  C4V  but  becomes  C3V  for  the  former. 
An  intermediate  of  C2V  symmetry  is  also  discussed.  For  all  geometries  at  least  two  crys¬ 
talline  field  parameters  are  required  in  the  ionic  model  approximation.  Additional  param¬ 
eters  emerge  for  Cqy,  C3Vj  and  C2V.  In  these  latter  symmetries  the  crystalline  field  param¬ 
eters  depend  markedly  on  the  L-M-L’  bond  angle. 

The  strong  field  basis  functions  are  taken  as  Slater  determinants  with  the  three- 
electron  crystal  field  symmetry  eigenfunctions  being  specified  as  individual  members  of 
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the  basis  set  or  as  linear  combinations  thereof.  Although  spin  is  only  implicity  included, 
both  types  of  doublet  wave  functions  for  three  particles  of  half -integral  spin  are  identi¬ 
fied.  Coulombic  calculations  are  carried  out  according  to  Slater -Condon-Shortly  (Fq,  F2, 
and  F4)  but  reported  in  terms  of  the  Racah  parameters,  A,  B,  and  C.  The  crystalline  field 
matrix  in  parametric  form  is  strictly  diagonal  except  in  C3V.  Coulombic  interactions 
connect  states  having  the  same  symmetry  but  arising  from  different  configurations.  The 
complete  perturbation,  in  all  geometries,  follows  as  the  matric  sum  of  the  crystalline  field 
and  Coulombic  effects.  All  such  matrices  are  shown  to  be  consistent  with  results  available 
from  the  weak  field  Emit. 

Numerical  values  are  substituted  into  the  parametric  form  of  the  perturbation  ma¬ 
trices.  The  resulting  energies  of  the  strong  crystalline  field  states  are  presented  in  the 
form  of  energy  level  diagrams  for  the  purpose  of  discussing  the  spectroscopic  behavior  of 
pentacoordinate  d^  complexes. 

DATA  AND  SAMPLE  HANDLING  TECHNIQUES  FOR  TRANSITION 
METAL  ESR  DETERMINATIONS  -  Doris  C.  Warren,  Houston  Baptist  Col¬ 
lege  and  J.  M.  Fitzgerald,  University  of  Houston. 

FORENSIC  APPROACH  TO  ANALYTICAL  CHEMISTRY  -  R.  H.  Warkentin, 
Houston  Police  Laboratory. 

TRACE  ANALYSIS  OF  ORGANOSULFUR  AND  ORGANOPHOSPHORUS 
COMPOUNDS  IN  TOBACCO  SMOKE  CONDENSATE  -  W.  Bertsch,  Uni¬ 
versity  of  Houston,  M.  Novotny,  Indiana  University  and  A  Zlatkis,  Univer¬ 
sity  of  Houston. 

AUTOMATED  METHYLENE  BLUE  PHOTOSENSITIZED  ANALYSIS  - 
Vance  R.  White  and  J.  M.  Fitzgerald,  University  of  Houston. 

URINARY  TRACE  METAL  ANALYSIS  -  Carolyn  S.  Leach,  NASA  Manned 
Spacecraft  Center,  Pratt  H.  Johnson  and  Sulane  McSwain,  (Northrop 
Services,  Inc.),  Manned  Spacecraft  Center. 

INCREASED  SENSITIVITY  IN  THE  DETERMINATION  OF  LITHIUM  IN 
BIOLOGICAL  SAMPLES  BY  FLAME  EMISSION  ON  THE  PERKIN- 
ELMER  306  ATOMIC  ABSORPTION  SPECTROMETER  -  S.  A.  Clybum, 
Memorial  Hospital  System  Laboratory. 

ATOMIZATION  FOR  ATOMIC  ABSORPTION  SPECTROSCOPY  USING  A 
FLAME-HEATED  CARBON  ROD  -  E.  J.  Agazzi,  Shell  Development  Co. 

SIMULTANEOUS  MULTI-ELEMENT  SPECTROSCOPIC  ANALYSIS  -  Betty 
R.  Bartschmid,  University  of  Houston. 
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SECTION  VIII  -  SCIENCE  EDUCATION 
Friday  Morning,  March  16 

MODALITIES  OF  THINKING  AND  LEARNING  AND  THE  IMPLICATIONS 
FOR  SCIENCE  TEACHING  -  Thaddeus  W.  Fowler,  University  of  Houston. 

A  PROPOSED  SCIENCE  TEACHING  FIELD  FOR  ELEMENTARY  TEACH¬ 
ERS  -  James  L.  Milson,  The  University  of  Texas  at  El  Paso. 

A  PROPOSED  SCIENCE  TEACHING  FIELD  FOR  NINTH  GRADE  PHYSI¬ 
CAL  SCIENCE  TEACHERS  -  Max  C.  Bolen,  The  University  of  Texas  at  El 
Paso. 

It  is  the  purpose  of  this  paper  to  propose  a  concentration  of  study  that  will  aid  in 
the  development  of  teachers  for  the  ninth  grade  physical  science  course  and  hopefully  the 
state  will  eventually  accept  such  a  field  for  certification  of  these  teachers.  This  is  espe¬ 
cially  needed  when  one  considers  approximately  90%  of  the  ninth  graders  take  this 
course  and  only  approximately  27%  of  the  eleventh  graders  take  Chemistry  and  only 
approximately  10%  of  the  twelfth  graders  take  Physics.  In  order  to  help  in  developing 
scientific  literacy  of  the  great  majority  of  students  that  will  take  no  further  physical 
science,  a  special  type  of  training  is  needed  for  these  teachers.  Background  work  for  this 
paper  has  been  sponsored  in  part  by  the  Texas  Education  Agency ,  The  National  Science 
Foundation  and  The  University  of  Texas  at  El  Paso. 

SCIENCE  EDUCATION  15  AS  -  Raymond  B.  Seymour  and  Mamie  W.  Moy, 
University  of  Houston. 

SURVEY  OF  PROGRESS  OF  THE  OPEN  UNIVERSITY  AT  THE  UNIVER¬ 
SITY  OF  HOUSTON  -  Allen  H.  Bartel,  Alvine  F.  Hildebrandt  and  Eby  N. 
McElrath,  University  of  Houston. 

Friday  Morning,  March  16 

HOW  TO  HIDE  AIR  POLLUTION  -  R.  Gene  McMullen,  Houston  Health 
Department. 

The  unfortunate  choice  of  24-hour  averages  in  the  air  quality  standards  for  some 
air  pollutants  leads  to  air  quality  sampling  programs  that: 

(1)  Hide  air  pollution  rather  than  reveal  it 

(2)  Yield  data  that  usually  cannot  reveal  even  moderate  changes  in  air 
pollution  inputs. 

EXPERIENCES  IN  SPECIAL  PROJECTS  IN  WATER  QUALITY  MANAGE¬ 
MENT  -  H.  Nugent  Myrick,  University  of  Houston. 

ENVIRONMENTAL  PARKS  IN  THE  SCHOOL  OF  DEVELOPMENTAL  ED¬ 
UCATION  AT  THE  UNIVERSITY  OF  PLANO  -  Donald  H.  Lokke,  Univer¬ 
sity  of  Plano. 
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MARINE  RESOURCES  IN  PUBLIC  EDUCATION  -  Roger  D.  Anderson,  Tex¬ 
as  A  &  M  University ,  College  Station. 

Friday  Afternoon,  March  16 

SYMPOSIUM:  RETHINKING  SCIENCE  TEACHING  -  Moderator:  R.  Hugh 
Walker,  University  of  Houston.  Invited  Scientists:  Uri  Hab  er-S  cham ,  M.  I.  T. , 
William  Rorney,  St.  Lawrence  University. 

Saturday  Morning,  March  17 

IDENTIFICATION  OF  ENVIRONMENTAL  EDUCATION  CONCEPTS  FOR 
INCLUSION  IN  AN  ELEMENTARY  SCHOOL  CURRICULUM  -  Sybil 
Audean  Allman,  Texas  Southern  University ,  Houston. 

ENVIRONMENTAL  SCIENCE  (MINI-COURSE)  IN  THE  FORTH  WORTH 
PUBLIC  SCHOOLS  -  John  T.  Falkenburg,  Fort  Worth  Public  Schools. 

ENVIRONMENTAL  HEALTH  SCIENCE,  A  VOCATIONAL  SCIENCE  PRO¬ 
GRAM  -  J.  Carl  Kee,  El  Campo  High  School. 

EXPERIMENTS  WITH  AN  OZONE  GENERATOR  -  0.  A.  MacCammond,  O. 
D.  Wyatt  High  School. 

SCIENCE  FRAMEWORK  FOR  TEXAS  PUBLIC  SCHOOLS  -  C.  S.  Story, 
Texas  Education  Agency. 

THE  APPLICATION  OF  THE  SEMANTIC  DIFFERENTIAL  TECHNIQUE 
TO  THE  ASSESSMENT  OF  STUDENT  ATTITUDES  -  James  L.  Connor, 
Austin  Senior  High  School. 

This  paper  discusses  a  technique  for  the  selection  of  adjective  pairs  for  use  in  the 
construction  of  Semantic  Differential  (SD)  instruments. 

The  primary  advantage  of  the  SD  technique  is  that  it  seems  to  measure  the  mean¬ 
ing  which  an  individual  attaches  to  a  particular  concept.  Thus,  it  might  then  be  used  to 
assess  attitude  toward  the  concept  more  effectively  than  the  more  conventional  question¬ 
naire,  rating  scale,  et  cetera.  By  measuring  the  intensity  of  the  subjects  feelings  towards 
the  concept  it  is  possible  that  his  attitude,  in  terms  of  tendency  to  act,  can  be  estimated. 
This  would  produce  more  useful  information  than  his  expressed  attitude. 

The  selection  of  adjective  pairs  for  use  in  an  SD  instrument  is  critical.  It  involves 
both  the  relationship  of  the  adjectives  to  the  concept  and  their  appropriateness  to  the  vo¬ 
cabulary  level  of  the  population  being  tested.  The  actual  pairing  of  adjectives  may  also  be 
related  to  the  nature  of  the  sample. 

The  author  has  used  a  method  which  fits  the  adjective  pairs  to  the  population  be¬ 
ing  tested.  Briefly,  it  entails  the  presentation  of  a  fairly  comprehensive  list  of  adjectives 
to  a  sample  of  the  population.  The  subjects  respond  by  writing  the  word  which  they 
“think  is  most  opposite”  of  each  adjective.  These  responses  are  tallied  and  the  adjectives 
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which  elicit  a  wide  range  of  responses  are  deleted.  The  adjectives  on  which  there  is  a  high 
degree  of  agreement  are  placed  in  a  conventional  SD  format  and  presented  with  the  con¬ 
cepts  of  interest. 

The  usefulness  of  the  SD  technique  is  greatly  enhanced  by  tailoring  the  instrument 
to  the  population  to  which  it  is  applied.  By  using  the  technique  described  by  the  writer, 
the  number  of  factors,  particularly  ambiguous  ones,  can  probably  be  reduced. 

A  COMPARATIVE  STUDY  OF  PIAGET-TYPE  CONSERVATION  TASKS  - 
James  G.  Hademenos^wge/o  State  University. 

A  COMPARISON  OF  TRADITIONAL  CHEMISTRY  LABORATORY  MA¬ 
TERIALS  WITH  MATERIALS  EMPHASIZING  CONTEMPORARY  PROB¬ 
LEMS  -  R.  L.  Neman  and  Paul  J.  Cowan,  Vernon  Regional  Junior  College 
and  North  Texas  State  University. 

DEVELOPMENT  OF  A  SELF-PACED  AUDIO-VISUAL-TUTORIAL  COURSE 
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